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^BQUi a 



''^ ■Very Btiang opinion that, no matter how good and 

Well tested a EteBin-boiler or n steam-engine may be, acci- 

outs to boilers and mncliiiiery will take pkee, bo long at; 

" men in charge are not put to nuy qnniifying test them- 

^-'-ves. Owners of steam-lioiiors properly insist upon their 

"'^e made of the beat material, on the latest puttcrn, and 

"'S do not object to paying a good price for a good boiler ; 

. ** '""nany instnncea the mutter begins iiiid ends heri'. It 

■^ not an uncommon occurrence to find men in charge of line 

■^achiEerywho cannot espiaiu !i tenth part of the movements 

tefore them. Of this we cannot eomplaia, because when ii 

"■SE is ont of employment bo is ready and willing to toke 

"^Mfge of an engine, even if ho knows nothing about it, pro- 

"ifflii he can persuade the owner of such maehiuory to tote 

^■^ word for his competency, 

'"'^e been couvurBant with steam-ongines for a quarter of 
" "Jiturj-, nQ^ ^^,j without obBer^■ing the modes by ^ihicb 
wen have been enabled, in many instances, to raise them- 
'''™s to the rank of enginomen, and to have chai'go of 
''i boilurg, and machinerj'. 
^ skilled mochanieul cngiiicman's oyo ia limnu.l ; it is 
f activity and adjusted in its range by experience, and 
very appearance of evil. Therefore Ibe man 
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^^ Q^ ^xipodicula, iuW o£ opinions, full of facts, and wants 

^^^^ toU . ^^^^^^^y Q* loaental work thrown in with the 

^^erea Jn ^^ ^^ ^^^ instances these acquirements are 

/^^ ^ak^^^^^^® naughtiness, and a way of making 

tl ^ "^^i T^^^ ^^ overtime. The unskilled engine- 

* Bh'^^''^^r^^^ '^^ ®'^P^®' ^^^^^^ ^^' "^^^ ^"^^ 
'^ Td^^ ^^^^ ^thout any repairs month after month 

^^e/^^^^^nt^' *^ <^oiisequence of a bearing being in 

'^ve^^ ^^^^ co^^^ ^^ a rivet leaking week after week 

^i2(i '^ ^ ^^y^^^^^^ sets in ; or he will overload the 

f^^. ° ^^^^^ o^ scrap iron, or by moving the 

u:/^^^e ^^® toiler do the work, at the risk of 

J'' ^^e^ ^ :^ ^® ezigffle-liouse. The law does not 

^^"^^^^ ^^^^^^^^' acd the loss arising from bad 

^^^ V^^ ^J^ ^ ^-^ ^^^ master. I have reason to 

/^^H^^;^r^K:> ^^ ^^0 engages liimself as an engine- 

^^ ^^^^^ ^^ ^^^^oznagood motive. 

^ ^^Vv. ^ ^^ **^'s Mrori is to ^ive such infoimation 
i ^Xh^^^^nJ^ ^® ^^®^s to mo calculated to raise the 

.^^i^ ^ ^^ this country ^tiie land of steam- 

^0^^>- ^^^^'fiduce them to i>ursue their inquiries 

^ ^^^^ *®^ ^y better pens tlian mine. 

^ ;^^^ ^^^ P^t togetlier sucIl information as I 

^^^^^^ ^ ^^ benefit to tliaBG wlio wish to learn 

"W^^^^^^^ ^^a^ionary Engine practice. There 

^^ ^^ ^ ^^o have not liad an opportunity of 

^ ^^ ^^gi^e, sucb as is supplied foi? large 

^d YTlio l:iave \iad. no experience either 




PREFACE. Vll 

with them or with Galloway boilers, though they cannot 
tell how soon they may be called npon to manipniate snch 
works ; and therefore I have snpplied for their information 
drawings of engines and boilers, with keys thereto. The 
elements of the stationary engines are described, and the 
principles of construction of the Galloway, Cornish, and 
Lancashire boilers are set forth, whilst the canses of failures 
are analysed and exposed. The various causes tending to 
produce explosions of boilers are discussed at length, and 
the errors often committed in shutting down valves are 
referred to; whilst the management of the fire and the 
principle of combustion are fully explained. 

I have also added a chapter on the use of the indicator, 
with examples in the arithmetical portion, of the method of 
calculating horse-power from diagram cards. 

In the endeavour to accomplish my work in a manner both 
instructive and agreeable, I have now and again departed 
from the general course to notice some particular point: 
especially in those portions of the work connected with the 
name of Watt, whose portrait forms the frontispiece to this 
work. 

Some time ago an effort was made to establish a system 
of certificates of proficiency for enginemen, by means of which 
I did hope to see the vocation of engine-driving brought up 
to a high standard, but, from the very limited number of 
men who felt disposed to assist at the work, it was evident 
that the men themselves did not care for certificates, whilst 
the masters did not want them. I have therefore now 
concluded that the only means is to place within the reach 
of the men such books as shall elevate their ideas, and in- 
duce a manly independence of thought and opinion. 



Vlll PREFACE. 

Finally. It may possibly be asked what aro my qualifi- 
cations for writing upon the subject of this work. I may, 
in answer, briefly state that I served my apprenticeship in a 
general engineering shop, working at the lathe and vice, and 
that, afterwards, I have been engaged in various parts of 
England, on Locomotive, Tractive, Stationary, and Portable 
engine work. 

MICHAEL BEYNOLDS. 

Standeford, Anffttatf 1880, 
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OIHI-AJPTEH, 1. 
TSTEtODTTCTOIt'X" ISTOTXCE OS" THE Bl^ 



x.*^^ 



EHGX--A.ND is «>lxe birtliplaoo of tte ste* ^^ tl 
mven-tiion lias "been a. grrancl triumph o fj 

wliicli. natxir© l&a.s j>la.ce<l at our disposal, 
limit to the spliesl-o of its usofulness, nor C 
aieasme tUo bsnsfits T^bicli directly j^ 
acoixio to society fi-oin its oJttonded smpj^ "* 

AU ttese benefits are a£taply due to tj, •' * 
lie natural principle, ttat water can J,^ « 
a gas. Tlieprii.oii.lo itself »Ppea"T % 
tliedisooveriM tiat led to tbe pr.ct,„^^ > 
the principle as a source of '^«'"j'*7% ^, 
after a long series of trials «^<^fV.°^l/ 
perienoe thus laboriously f °°"™"f"»<(. "«. 

It is on record tbat for *^°J^'^»,i 
only used aa a, source o^^'*™" . .„ '' /, S- 
bauble („ be s..re, aud t^"* TJ f' aS 
very oifen ,prio^ S-^SSuT":" i^V' 



lTionary engine driving- 

amp in the centre of a '^"^^^ Sam^®^ 
pended across the patih ol ^^ ^^ ga0' 
prompted to tte oonceptio ^^^^,^ ^^g 
Galvani observed that a ^eren* 
it was placed in contact "^ ^^ oi i*^' 
J laid the foundatioii °^ ^ \ Ool«^' 
ed up to the electric telegraP^'^^^ittg i^ 
> reeds and stranger rashes j^g^ga*®?^ 
3 quay of Oporto, and he vras ^iiiot>. 

'isitors to undertake a voyag® ^^ tb.e 
was discovered. Witt rega^^ jjistory 
steam as a motive-po^®'"' ^ of <'°*' ' 
:emplation a marvellous J'^*^ -ri^ed a*» 

ully deduced or tentati'^®^^ na'^^^'T^ 
aemselves, and furaisl^.S *9i)i*i*^'^%r 
f lapse and loss of <>t«^°^.„ V« ^1^ 
aose enthusiasm Uog^'J, ^tity. "J'S- 
' wntes an eminent; »^* o5 »* A i*^ 
e anxious hope and- ^®*^„te o^°*^f„v »» 
before his conceptio**^ ^rie£ °^ ^AoO^ 
al form--the parent^ ^A ^^"^"^ 
5d m infancy or ar*-i^ . ti>«*1 

lose of the sevente^rt^-^^^^oi*^^,^^' 
3 and sudden develot>t**=^ "fcVve ^ 



ites Lord Hatherl?' '*^^ ^ig^t 

lustrio^ nxen of tli_ -^^^!^ i*^lig^!^ 
' Let Newton b.?^ ^^-^ ^^^ ^!^ ^^. 



le world of id 

ts founded, wte J^ ^; 



^as 




and Bacon ; the^e .^^^^^^ ^S ^"' 



> to^€*^'^:^9i^'^ 




reci 



6 

tlxo force or^^. 



xesott ^ 




plojre 

last "fc 
A^-fc firsti s'toa.xn. 

Iiors 

and 
So 

atrai^i of il; ; -^;v^liJJ 

aggr^is sion 

andexTS '' 

Engliislx miTi 
Pott ^ _^^ 

profeissor ; Wa.'fc'fc 
Engli sIl 
elergyxnan. ; 
blowexr, an 
engiix^er ; 

Among* "tlio 
ministioririg to "fclxo 
has played so imjpo 
By its poTver iJb.^ 
in stonn, inde^poix 
treasTiires froin tlio bo 
for tlxo service o:f 
the lodes contaixxixrST 

Coiimiiinities aro 
advant^ages wliioli 
tended, to manjr^ 
steani«ei]gii2e ; axi^ 
made in its stnictnx-^ » 



ft 



garded ,^^ 




no, oxily ^ .Qf 

of ^^jvliose noB^ ^^ 
l>y tlieiT i®^ i 
o-tliors dLetexmva®^ 

, an E^g^ 

j>oasanii-'boy ; Fit^z^l 
a. Soottislx mechaxi 
Oart^w^ri^Ht, an Eui 

Scottish mi 
Trevit 






reLblG inventions 

i^ant; a^ i>ai-t as t^, 

oj> is crosse(- 
^£ tides. J 

Xii dra.ms t}^^ 
ox-e are . 

^conATxed to ^ p' 
teiblG i^tie^.^ 

application ^ 

V 



* STATIONARY ENGII^E DBlVIICo. 

tlie subject, it wiU be our duty to notice for tb.& iniot- 
mation of y^ enffinemen such types of en^ia^es and 
boUers and their appendages as prevail at th.^ jptesent 

Classification of Sieam- Engines. — Stationary engines 
're distinguigj^g^ as either vertical, horizontal, or beam 
°gmes. 

When the cylinder is suspended above tfct^ cmk- 
xS •'* '^ * ^^^ical engine. When the cjr-liiider is 
^ ^ «» tie same horizontal line as the cranlsi-sliaft it 



f lo J,^^^°^tal engine, or, as the enginemen cjall it, a 

a^t T ^^® cylinder is up on end, and the pxston-rod 
is a^r^®^ ^^ a beam which is suspended at its centre, 
ith f^ engine. TSThen the cylinder is on end, 
j'le ® ^^*«toii-rod is attached to one end of the beam, 
kj. . ^f otlier end of the beam is suspended on a 
sUspQ^^^ S-rasshopper engine. TThen the cylinder 
air.^T^^eci at the centre by trunnions, with the 
Uatij^^^^ «it;3iox- above or below the cylinder, it is an 



'«pe^^*?^ -fctiese types, terms are employed to denote 

3?^linder is suspended vertically in a cast- 
slide-bars forming a portion of the 
verted- cylinder engine, or, what is the 
inverted direct-acting engine. Some- 
<ier8 are placed alongside of each other 
"between the frames, with the steam.- 
em, and the crank:- shaft being below, 
a type of engine called the "trunlc 
lly constructed, to reduce the distance 
-fcresof the craxit- shaft and the cylinder 




CLASSIFICATION OF STEAM- ENGINES. 

in direct-acting engines, retaining at the same time 
sufficient length of connecting-rod. 

Its principle is as follows: — A hollow cylindrical 
casing or '^ trunk/' from which it takes its name, is 
fitted fast upon the piston. The trunk works through 
both ends of the cylinder, and is fitted with a stuffing- 
box at each end. One end of the connecting-rod is 
attached to the face of the piston within the trunk, the 
other end of the connecting-rod being attached to the 
crank-pin. The internal diameter of the hollow trunk 
is sufficiently large to permit the vibration of the con- 
necting-rod within it. Thus, as already mentioned, 
whilst a long connecting-rod is obtained, the dis- 
tance between the centres of the crank-shaft and the 
cylinder is reduced. Such engines are often used in 
steamships. 

Again, some engines, which may be constructed 
according to any of the foregoing types, are constructed 
as compound engines. They consist of two cylinders, 
in which the steam, after having been used in one 
cylinder, is used again in the second cylinder, instead 
of being exhausted at once into the atmosphere or the 
condenser. 

The engine which now claims our special attention, 
and which has been selected for illustrating the de- 
scription of the steam-engine in detail, and for in- 
structing enginemen in the management of engines, is the 
beam engine, inseparably associated with the name of 
Watt. There is no other engine that commands our 
admiration as engines of this old-fashioned design, 
when carefully designed and artistically surrounded. 
Since the year and the day it left the hands of Watt it 
has afforded scope for the exercise of ingenuity, talent, 



STATIOl^ARY ENGINE DBIVINq^ 

^.rseverance. There has not been mueli to alter, 
aterial is tlie same, so is the moving power, and 
is the principle ; but one thing has improved 
hands of his successors, which the great man 
y never dreamt of, and that is the rapid and 
ly exhanstless demand for engines, 
lowing out of a cork from a flask of water, the 
'ure of which had been raised by the heat of 
ndicated to man a field of labour and research, 
^^ny labourers have been working. At 
^^^^^ioal results were of a very Umited 
y . ^e Workers were too wide apart. The 
te^ .^^ individuals were frequently con- 
V 7 f ^^^^ reasonings and calculations, not 
•^J^assed by prejudice, party spirit, or 
a^s^^^^ liypotheses. 

J J ^®*' therefore, was slow, and the mode 
le T^^^ ^^s applied exhibits a characteristic 
,Q^ ^^"^aan mind, which is apt to prefer the 
9^. ^^ abstract reasoning to the direct 

Qa^*^^^** "^^^^ scholar reasoned for him- 
ij^^^ ^^ versified opinions, replete with so 
nn^^^^^^' unscientific, and contradictory. 

>ert; ' "^^^^ ' *^® ^"^^^ exists. 

ixxtj^^^ ^^ steam became revealed to the 

Qj^^ ^^^^^ created. Brindley confined 

idaxi^^^^^^' ^""^ *^®^® ^^^^ threatening 
J -;^ . ^^ *^® "s® of such an unstable 

3F £^^^^ ""^T^f "^^""^ employed in an 

a 7^ ' ^""^ *^^^^ ^"^ *^^i^ *^^^ were 

o:n^ penod of time, steam was used 



i^grxx^«, in which steam of a low pres- 
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save was employed to produce a vacuum under the 
piston. 

The difficulty of constructing vessels of sufficient 
strength was one of the chief impediments in the way 
of using high-pressure steam ; and although the 
spherical cast-iron boiler was an advance upon all 
others, it was found to be untrustworthy, and was 
replaced by wrought-iron boilers. The variety of 
shapes in which boilers have been made is the outcome 
of a desire to obtain a safe boiler, an effective boiler, a 
convenient boiler, and a durable boiler. The boiler 
which combines these four qualities, and possesses each 
quality in an eminent degree, may be considered a 
perfect boiler. The material used in making boilers is 
the outcome of the need for obtaining great tensile 
strength and ductility. These are the first considera- 
tions. In an economical point of view, for generating 
steam, irrespective of cost, copper is the most eligible 
metal for conducting heat, as its conducting power is 
more than double that of iron; but this advantage is 
counter-balanced by the fact that copper suffers such a 
loss of cohesive strength by elevation of temperature, 
even to a moderate extent, as to cause it to be super- 
seded by wrought-iron, except for special purposes un- 
connected with strength. Besides its heat-conducting 
power, which recommends it to the notice of locomotive 
builders, it is also recommended by the mode in which 
it is fractured when an explosion takes place ; it tears 
open, whereas iron is blown to pieces. 

Wrought-iron boilers at first were either globular or 
hemispherical, with flat or with concave bottoms. They 
were as nearly spherical as possible, and so pre- 
sented the best form to resist the internal pressure of 



8 STATIONAKY KNGlNB DIVING. 

tie Steam. They were deficient in heating surface, 
were great wasters of fuel. Under those circumstari. ces 
Watt was induced to design the " waggon boLX«r, 
which was so caUed from its likeness to mill wagg»:ci8, 
which were covered in to keep the contents dry. 

This boiler, having by its form a greater area. of 
heating surface, was capable of evaporating" more wa.-fccr 
per hour than any of its predecessors ; and, besid.^s, 
the gaseous products of combustion, having a ^ong r-un 
of heating surface, remained longer in contact with 't^xie 
plate surface, so that before they reached the chimixey 
they were cooled down by the absorption of their h^s.t 
to a temperature very much lower than that of tine 
gases Tvhich escaped from the earlier kinds of boilers, 
^att held that there was a considerable waste of fuel 
^^ producing steam by intensity of heat directed upon 
a small surface ; and he preferred to apply li^at at a 
'^oderafje temperature, providing a large area of sur- 
face on ^vhich it should act. 
^he c^ost of fuel for producing steam for the large 
^^^^ish engines being an item of importance, the 
^^^isli engineers gave the matter of steam generation 
f^^^ oonsideration. The '* Trevi thick boiler" was 
^^^Sht out. Xt was advertised to be superior in 
^l^^^^y, ^^^ capable of bearing a pressure of 30 lbs. 
Q^^ f^naro izxGb.. This boiler is now known as the 
intex^^^ *a//^x- ^ cylindrical, with flat ends, having an 
from th^ ^^^ ^xid fire-grate. The flame, proceeding 
^^^gtb ^SrG »^ o^© end of the flue, traverses the whole 
^^e bo^^^ th.€^ :^xie, and the gases are returned along 
f'^^^^b 3 ojT *i»-e hoUer to the front, thence along the 
^^^ttg-it % c?ixi:acixiey, by wMch tlie actuating force of 

^^ «r^^^"^^ ^^^*®^- Sometimes the flame takes 
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the side courses first, after .leaving the flue, and then 
passes under the boiler to the chimney. Whichever way 
it is done, the object is to expose as much boiler surface 
as possible to the hot gases, so that they shall not leave 
the boiler until they are reduced as nearly as possible 
to the temperature of the water in the coolest part of 
the boiler. By this means the consumption of fuel can 
be reduced and the evaporative power of the boiler 
improved. In consequence of the weakness of a 
single internal flue, when of large diameter to receive 
a large grate-area, two flues instead _ of one flue were 
adopted in Lancashire, and hence the name, "Lan- 
cashire boiler,'' given to a boiler with two flues, to 
distinguish it from the " Cornish boiler," which has 
one flue only. 

Still more to economise the heat and increase the 
amount of heating surface, the " Galloway boiler " was 
designed. It is a great favourite with steam-users, and 
it satisfies all the requirements of the day. To de- 
sign a boiler for high-pressure steam, that should be 
at once as safe as, and yet more economical than, its 
predecessors of the same class, demanded no small 
amount of physical and mechanical knowledge. 



CHAPTER II. ,^<r9 

PBOPEETIES OF THE MATERIAXS OP "W'Bi^ 

AKD BOILERS ABE MAUE- ^ g 

We owe to our native skill in working •hra*®' e 
the fabrication of iron, steel, coppeir* *^ ti^**^ 
materials of whicli engines and boEe*^® * gg,t 

tured. i^-je * -lat©* 

Ca«^M-<?»is used, for such parts a0 '^'^^a.a^^^^'^tise*' 
degree of rigidity or stiflEhess— as the :f ^^'^'t oo^^^\^^' 
the cylinder, cyEnder-cover, steam-ol*®^^-^^©'^' 
piston, junk-ring, columns, plumm-^'^' d©^ 

boxes, and the fly- vrheel ^^^"^ ^° V ^^^' 

The fittings of the boiler consume a ^^,^l.ek^e»^ 
cast-iron— as the furnace-front, the de^*^" '''^ ._ i^'^^A 

bars, stop-valves, »»* steam-pipes. "PtfcVS' *^ 

Wrought-iron is «sed chiefly for t\>^^^-f> V^'^tt, 
are subjected to ^eat strains or to suc^^^ i*^ V^W' 
also for the parts of the engine which *:^^, ^''^ Vu- 



as the piston-rod, connecting-rod, 01^^*^ '5'=' ^^^Nr"'*^ 
excentric-rods,ex:oentric-hoops,cro8a-t^^^-«:5r nf 

motion. The boaer is constructed euti^-^ is/ ^te'' 

iron. :>-'*' . Ao** 'lie" 

Steel is coming largely into use „ ^^^ --^^isviji 

cases, taking the place of wrougl^tlj^^^' *^ 

fering with the use of cast-iron. TV/r '^^^^ 





J , „ mcroaee, ig due*. , 

»d.y»oed of euoli ^ ^ilj^ quality <,d *". 
d^taOT into tto boiler-yaxd, <^«,-l»> 
«I.pt«a for tbo oon»tr«otioiiol.tel»'ra«i 
tapoly used for fcustos, to Tod«oe "^ n"' 
Uai^^Me for ci-anlc-piiis. parand->»'', f 
It. »a=»troatiotion into any portion " » 
■•Versede -wiroTaelit-iron requires dclili''* 
itm can resist a. ^reo.t degree o£ to^t 
ateel csannot be t-wisted, it snaps short o* 
0<>2^j>er is xnostly ixsed alloyed -witb 

hard metal ^ixn-metal. It is used ' 

™rxixgs ix>r supjjoi-ting^ tli^ crank-shaft 
otter xevolviixg- jpi^ts^s. Tii© big-end ai 
oftk^ connecting^— i-o<l or^ lined ■with it, 
Br-ctss is also an 0.II03'' of copper w 
comparatively sof*t, nn<i is used for mo 
^~^ite~meta.Z is ^iLaeA and ap_plied as 
metal bearing-s 0:0. ctccoim-t of i*s a^ 
perty. Sometimes i.± is nsed ibr t^ 
but tHe journal bedded entireTy in i^' 
be aUowed to ra-Tol-^^ -^itiiovit oil f 
because the metal is liable to xaelt at 
temperature. On tlxo contrary, tt 
properly luhrioated witli oil, foTsmt! 
«' « Mgh speed, it is more Ber^ceaf, 
for beanWs, , ,^ 

■fw^Wfe/is nsed A,r bolts^y 
""""tt of eteam and grease. Jt „ 
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inside Bteam-cliests and under water, as it x^ 3^^^ j^y^ 

lT^::^r:iea. or otherwise -^-^^^7^^^^ 

The whole of the metals of whicli the ong^xie and 
th^^Uer L composed, are fuU <>*-«--«-*. H,.^ 
!^o distinguished differently— some for tUoxr lustre, 
d^otiUty, maUeahility, and tenacity ; others are elas- 
tio Some metals combine together m tlxoxr melted 
sta*o whilst there are others whose characters and 
natiixres are changed completely when combined with 
othor metals. Metals are all fusible, but tlxey melt at 
different temperatures. An alloy or mixture of metals 
sometimes destroys the malleability and ductility pos- 
sessed by either metal singlj*-. 

Til ere is no doubt that iron was worked for the 

pixx-jpose of commerce in this country by the Romans, 

and that the process was vastly improved by the Danes 

Tirlieix they established themselves in this country. 

Foot- blasts were employed, worked by a boy stepping 

altex-xiately from one bellows to the other, and forcing 

a cizrx-ent of blast, through two cow-hides, into a smelt- 

ing"-/i2mace, into which it was carried through a 

baraboo stick. The lad kept on working the bellows 

until tli^ metal was fused. 

Th.^ xrxost tractable ores wrere selected, and they were 
smeltod ^^vith charcoal as the fixel. These circumstances 
sufficxoxxlily account for the excellent quality of the iron 

IzL iykjL^ reign of Elizabeth, a remarkable epoch, in 

whiclx -tilx.^ powers of the understanding were marvel- 

lously developed, patents were granted for making 

iron t>y xxxeans of pit- coal instead of charcoal; but 

prefixcii^^^^ »» usual in this country, set its face against 

any cliCX^^S^^^ ^^^ people determined that they would not 







lay iroix ma^do witt. ooal. By sU^^.^^ 
mder the control «^ +t.^ ,„^^. -^..f^f^! 



moixsly XXX px-xo^, axxd. t^lxo Ixoxxie matxt^f, 
declixied, so rrxxxolx so t.lxa.t tlxe bulk of ^ 



rained XIX this ooxxixtry x^as imported frO^^ 
Kussia. ^t tlxo s£Lxrxo tiixxo it Tiras ^eU 1^ 
means of pit-coaX for Ixeatiixg instead o 
could Ixave beeix ol^tainod at Ixoxne at a le 
the impox-ted ir-on. Oixo g-r-eat drawback : 

facture of iron -vv^as rexrxo-v^ed l>y tbo iutrod 
ateam-eixgiixo a.s tlx^ irxotiv©-power. I 
rumace-"bello"v%rs ^w^ex-o ^v«roi-lce<i by buUo 
blast was of a.xx iixf^exrxoi* foi"c© i but wli( 
engine \cras sot to ^v«roi*k to f oi-co tbo blasi 
^d more coixxj>lot^ coinbxxstioix iras effi 
rience taixg-lxt tlxo xnaxxxxfactixrer of iro 
^iigine-blast, colszo coixld bo GSScieiitly used 
ore. Steps of irxxj>i-ovoirxoxxt Trei-e made gn 
^n increase of oaj>acity of blowing^-cylindi 
crease of fixrixaco. JVot^ yigour was Jgjj 
rapid progress Ti^as madG in the iron fyf 
country. It is irttGirGstiTig- and useful to J^^ 
impetus tbixs commvinica^tGd to the iron ^ | 
^as due to tbe xnacIiixiG, tlxe xnanag-ementof^ 
*te subject of tliis Trork. 

A brief akotch will novr bo given of th^ 
^tichiron is extractefd jfrom its ores, and i J 
*^^ state o£ pig-iron. ^ 

, ^^ke the ores of znany other meta}^^ 
^^^^J^not distributed in layers, or scattej^Q' ^ 
^', ^ hut the ore is thickly stratiBed, ^ V 
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x^ T «n Arrm. ores, the iron is ixx the 

Calcined Orf^-^^^^^^ /t is chemicaUjr com- 
state of an oxide I that ^^^^'j^^ ,f ore the o^de 
pounded with oxyg«n. considerable proportion of 

of iron i««<»^t«^«i^rL*de8 which, oxygen, sixlpiux, 
earthy or stony matter, ^^^^^^^^^.^t. To extract these 
arsenic, and ma^ff ^/""^^ Jourse is had to a process 
withoixt melting the ore, r ^^^^^^ ^ exposing tie 

known as calomation. "^ to dissipate the volatile 

substance to a strong heat so r 

^^°"^' on. T,avi»g l»e^ deprived by calci- 

oatioa of sulphurous ^^ smelting-fumace, or, 

^-attera, it is introduced "xtot ^ ^^^^ ^^^ 

^hat is the same t^Ses iay be seen to issue by 
^P of T^hich huge flames ^3 J 

f?** . f^r-t^ or fifty feet high, and the 

«^xi^ ^^ore; ib v^ steam-crane directly. Be- 

-wraggons, or uy ^ ^^ .^ necessary to 

ironstone and tiuo ■***', . -^ 

AxuiiBtuAx ^^ ^^^^ effecting, m con- 

:Srhr'i^tnse\eat, what could not be per- 

the process of caloination. Lmiestone is a 

en introduced into the heated f um^e, con- 

with the ironstone, the ore is softened at 




e, and unites with the earthy matter of the 

iAg a lava which is incapable of holding the 

" liot metal, now, by the aid of the combined 

3 and blast, reduced to a Hquid form. When 

d quantity o£ melted iron has been collected 

>xxi of the furnace, it is tapped ; when the 

- s out and distributes itself, first by a priix. 

el, whichi is called the sow, and then into 



:MAircr:p-^o 



•T^ 



cr 



tacli cliaiiiiels callod -fclx 

thattliese terms wox-^ 
atoleratle acqua.iiif;a.ix 

Tke formation of 
As the stream of 




infii^ite number of 
fereixt directions, 
colour. 

Refining P^^-^Vo^^.- 
ai^d subjected to a 
tte carbon is drivei 
refiner taps the f ixm 
and cooled by wa-fcei 
but it is considered, 
^entioned, and for 

^^oken into short _ 

fiirnace, and placed. 

^^^ beat of a stroxig- 

^ade to impinge d.oT?e 

^terior of tbe f ixinxaoe. 
3^1ie puddle balls, -ci.x3-<i«=K- 
^^t, heave and toil, axxd ^^-^ 
bustion ; but this is » ^^ 
it sho^s to bim tlia* -fclx» 
^^^axise it is now l^^^'^^a! 
^^oniing a mass. ^^^^ 

J* iron about in tlxo ^ ^ 

^^^oxxxes sufficiexitly 

?J^^ut half a hnnarc 

^^tch of such balls, 

""^^ix. In fact, i>l^^ ^ 
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a-ret -well baked, 
iron. As soon as he finds the iron loaves a'^" liquid 

vnd that is known by the iron changing «oi^ 
nass to a soHd lump, it is ready for the shing • 

i2o;jn,.^The sLgler receives the baU of m^^^ 
rem the puddler, whose furnace is hard by. J*"^ j 
B thought the hissing mass in the furnace is eajeriy 
latched up. on the puddle-furnace door b«^°f^^P^°^^' 
Id with a pair of tongs it is put through the roUs, 
fiich revolve with great velocity, driven ^7^^^^' 
g^^> of which the fly-wheel alone may weigh twenty 
^ going at the rate of sixty miles an hour. 
"»« iron is passed between the rolls to and Iro 
arnatelj,, until it is drawn down to the intended 
°*W and length. It is now in the condition ot 

i^^ng. — Tjie j^^gl^ \>qxb, after they have gone 

'"g"i tie rolls for the first time, and before they 

^oJd, are cut into lengths of about a foot each. A 

'oer of tJiexTL are piled one upon another to form a 

■*' «Qd, -with an instrument callecl a peel, each pile 

^^i on t;lie bed of the ballinff-fvLmace. When the 

'^Qaidei-e the blooms sufficiently heated — and to 

/ * J>oi3cxt an eagle eye and a sound judgment 

' ^^ifecL they pass through a variety of rolls, 

/'•flat, .s^rzjcare, and round, and finally through the 
, S" foUta, a.fter which they are taken away to cool 
^ ®Urf.^<5^- This iron is common bar-iron 

ur?«- ^^« *«"^ "best" has a wide si^iifica- 

' n si:M=Kxi)ly refers to iron that, after havino- 
f°*<§-2x-fc *« the state of common iron a ' 

rOu^-I:»- *le process at the balline-fumL ^^ 

' ^^£ :E>"-d' &«• This treatmeut has Se L"^? 
'' oiT .ca-rriving out of the metal th! /?*"*' 



^!^ that W ^**^^c. 

h process,^. *'^t*»«. ^^^ 

Welding.® • I'll ***^«, ^^*i*i^ 
% ''ere • > Th «^ *« -l"**^ ^ojfi-^^ ® ■ 




18 STATIONARY ENGllHli- 

aeated and passed under tte ^"^^^^^^j^ ^^^^^^^ *^f 
tHs iron, bdng originally of tte t^^^^^^l^^^^ ^s much 
Improved by L time it returns to the rolls It has 
^ history of its own : it may have passed through a 
blacksmith's shop in every county— at one tune a 
plough-share, at another a horse-shoe; a hmge for a 
3hurch-door, and back again into a plough ; finaUy, it 
oaay have formed a portion of a coach-tyre for the 
chaise of the lord of the manor. At each stage it ia 
mproved in the fire, and by hammering ; so that, when 
Lt presents itself for re-manufacture, it repeats the re- 
Sning process of the first maker. Thus one can under- 
stand why scrap-iron is better than, and superior to, 
™n new^Iy ^^j^^ from pig. Extreme tenacity is 
icqmred in p^^ ^ytion to the amount of treatment, in 
'^© shape of j^^^txing and by hammering, which the 
^on has expe^.^^^ed. 

^teeL^^yy^^^ ixxotal holds a position between cast-iron 

«id ^ougli^^ . _^ ; that is to say, with respect to the 

proportion of ^^^\yorL it contains. Wrought-iron may be 

*alled pure ij. eteel less pure, oast-iron least pure. 

^teel is a ve^^^^ dense material, rendered dense by 

Ultimate coin}^* -fcion with a minute portion of carbon. 

Steel can be ivi^^i:u£actured in several ways ; but it will 

mffice to staf ^^ x^e ^^J hy which we may be led to 

lotice recent ' -.^jvements. What is necessary is to 

3xplain what ^ ^l ^^' which can be done in a brief 

2otice. 

To make st i 4^tr^'^^ iron, after iron is purified of all 
breign matter • i^ allowed in a furnace to take up a 
ortiou of ca *h ^^^ ^* '^ *^^ minute portion of 

j,rbon, from o ^ ^ oent. to -J- per cent., free from other 



[ements, that- '-«r^^ *^® iron the steely nature which 



renders it dexLse a^xxd. IxGLird. The 
between cast-iroxL axLd. st^eel is, tliat the 
dense tkan th.e latter, a.xi<l is coxabinec 
proportion of carton stxxd. otlier xaatter. 
the difference of treatmexLt may be in 
making steel, tlie same resixlt is soug 
manufacturers prefer to sixbtract the pr 
of the carboxL from tlte pig* xvliilst it is i 
molten lava, by bloTvlng a strong cun 
into it, wliicb. drives oixt tbe carbon 
number of brilliant sparks. Others pre 
high class of steel by tbe process of re i 

and hammering tbat is by expulsion- 

obtained pure iron, tbey then grive it a , 
carbon, by which it is made into steel 

CasUsteeL The finest steel, and tine 

most purposes, is that whiob has unde; 
cess of fusion, and subsequently a g^ood 



. / Silicon. 



Cast-iron . 
WTought-iron 
Steel . . . 




The properties o£ iron, it i« oh^rwn^ 
nomed hy the smaU di^ff^T ^^^i! 
carbon they contain : <^*^':\.«,-nn • e 
Strew; wrought-iron resists ^^^^^-^^ 
tensile strain. The ultimate ^^5^ 

tie elastic resistance to stress ^^^^^^^j 
"ise, are material elements <^ 
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fety — ^that is, the proportion of the ulti- 
;th to the safe-working strain — depends 
iind of strain the material is subject to. 
quiet dead weight, and there is a sharp 
ht. Steel is preferable for resisting the 
3, and wrouglit-iron for the latter. 

11 it8 forms cast-iron, wrought-iron, and 

ide up of minute particles or atoms, and 
m is limited. Bend the material beyond 
Limit, and it is damaged — either bent or 
it, so long as the working strain does not 
7 disturb the arrangement of the atoms, the 
les its original position — without fracture 
. damage — Trhen the load is removed. 
Qgth necessary to break a bar of steel, 
>n, or cast-iron, one inch square, has been 
by careful experiment, from the results of 
<vorking-load is fixed. A wide margin of 
lowed, not only for the sake of security 
Luary circumstances, but to insure the 
against the effects of imforeseen accidents, 
am of an engine is broken in halves by the 
5d by water present in the cylinder, the 
Q all probability show a flaw hitherto hidden 
f the cylinder be flooded with water through 
iss, so that the wide margin for safety in the 

• the beam may be exceeded, no flaw may 
ed. 

srefore assumed that, in the designing of 
B first and foremost consideration is the pro- 
ulhcient strength and power of resistance in 

• But there is this point to be observed: 
s to be on the right side to the verge of 



have no data ff -^is *o ^-^ery- 

If one BPf ^^ixay ^^^ :B:^erybody jv 
thedescrxyt; o.T^*J^^^is ^^^*e, since h< 

^°'''ueai*-^^'^ :e'<''^ ^ict a potter , 

^"^^iTS^^^^^^o^ ^:^ .tons to he r,, ' 
from the a ^^oii -^li***^ 

was the adto^^ i^ ^"'-^^^^ *^^ " J 
what is *f^' ^txd ^^titb i^^ f^''^'' 

make itt»»y ^^U depi^^^ 

entering the anji.e.A^«^- ^^^ ,,^ 
comparatively dofle, BOa^^^^^^j ^ 
imitate and derefop ^ii^ ^^ 
done to a considerafcie ^*^^ ^rti^t- V 
The engine-bu,7(; jg ^^^^tory p. 

I 
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for fineness, for durability of fabric, for i>erf ectfon of 

The use of steel and the practice o± ^aso-Hardening 
ax-e evidence of the desire to combine st^reng^ti and 
dxirahility in a satisfactory f orm— ornameai^al. 

The parts of an engine generaUy case-lxardened are 
small, but subject to great friction, such as the sjfde- 
lixife, the sKde-block, bolts, and excentrxc-rod eyea. 
Cfo.se- hardening is a process for converting the surface 
^f iron into steel. There is a defective as well as 
perfect process. The defective process ia case-hardening 
•3 -fco expose the articles necessary to be carbixrized with 
a sanle on their surface. The scale varies in thickness, 
ind is a bad conductor of heat. It does not signify- 

virlxsLt it is — ^whether a link or a razor if it is not 

blxoiraughlj clean and bright it will not harden properly. 

When a large quantity of parts of engines made of 

iroix are to be case-hardened, the faces to be steeled are 

polished, the whole is put into a sheet-iron box and 

covoi-edL with articles of a carbonaceous nature, such as 

boixGS sLTid horn, from which the ammonia and other 

inrelG-vsLTLt elements have been driven off by distilla- 

;ioii. 

IjP tlLO bones or other material are groimd to a 
poT^dox- to be equally distributed, the articles can be 
bettGxr oj>erated upon and more effectually steeled than 
if tit^y o^x-e laid in coarse pieces. 

TIjlg l30X having been made air-tight, it is exposed 
to a -sTGZMry high temperature, at a red heat, for at least 
WGl-%r^ Ix ours for articles of moderate size. The ex- 



OBGd. s-nx-face of the pieces will have been changed from 
on. ^o »*^®^* having absorbed a sufficient quantity of 
irtoxii • ^*^r *^® "box is withdrawn from the furnace 



Ite contents are t-u-.. ^ 

oi -water and oil ^^®** *^^* iato a bath 

oaftombeinc*. ctac«-t^?^ articles ate . 

Tte surfefes of "t "^ "°"^^"^- 
hardened should t. articles not 

^ioudv to W ® ooverea ^^tli c 



S w V- ^^ ^^^ l>rislxtened witlx f 
the working soxrfaoes, axxd tlxey are j 
working surfa.ce. By this xxifaxxs 1 




steel is fonnecl 
iron. 

Steel, after it is firxislxea, either 
the vice, can bo tomi>ered or liardec 
of tempering is diflfex-onf; from that 
of iron. To tomi>or stool^ it is 1 
degrees of temi>or-at;iir-e for difierej 
engine-bushes, a^nd craxil£:-j>ins, an< 
pieces, the steel, Tvlion. it; lias attainec 
ness, is immersoci in Tva^'fcor or in oil si 
drawn almost imxnociia,'fcoly". The ten 
appear, and so sooxx as ^ j>ale-straTr i 
piece is again plungfoci ixi t?o t;ho liquid 
degree of hardness is obta.inGd. 
The following- are &oxnG o£ the cola i 

tempering of atGGl is x-Ggulated : V 

for lancets; pale &tr€L^psr, £or razors e 
faces; a full yelloy;^, for jpen-knivoa ; 7 
brown mth, pnrple spots, for axes 
P^phJor tablG-knivGS ; hrigbt blvto, 
a^d helUprings ; f^U blue, for Bxxo 
^^^rfj bJact, for liand saTi^^- Tompe 
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uces a soft bending steel, so that tlx© t;eeti of a 
can be either filed up or set, and yet; be suiR. 
ly hardened to cut wood. 

anealing is a process tlie reverse of oase-iarden- 

The articles operated upon are conArerted from a 

tion of brittleness to a condition of comparatiVe 

mess. The process is employed in order to Sle, 

re-turn in the lathe, any portion of an engme 

las been previously hardened. lu tlxe annealing- 

el or iron the metal is heated to a low redness, 

lowed to cool gradually. The operation ia per- 

l not only to soften the article, but also to restore 

ticity. 

liould also be mentioned that, whilst in a soft 

3n, wronght-iron, steel, and copper can be 

under the hamntier into any required form ; 

process of welding', ivhich means the joining of 

5es of metal together, is only applicable to iron 

jteel. Heated to a white heat, iron and iron 

''elded together ; so also can iron and steel be 

together; but the steel must not be over- 

ther\rise it will bum.. 

gun- metal, and wHite-metal are all alloys, 
a alloy designates a combination of two or 
fcals, having a chemical attraction to cause 
idhere to each other. As previously stated 
3 made up of atoms. When atoms of the 
J"^^ together, that is cohesion ; but when 
i different kind join or hold together, it is 
mical attraction. One atom of copper is 
another of copper by co/iesion; but when an 
pper umtes with an atom of zinc, it is an 
chemxcal attraction, or, as it is sometimes 
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called, chemical affinity. Clieniical attraction is dis- 
tinguished into three degrees — namely, mixture, solu- 
tion, and chemical union. 

Chemical mixture takes place when the atoms of two 
bodies are in a liquid state, and have freedom of 
motion between themselves, upon which fluidity d^>ends. 
A crucible containing molten metal, such as brass, zinc, 
and tin, contains a chemical mixture. 

Chemical solution operates between solids and liquids. 
A glass containing water with a piece of sugar dis- 
solved in it contains a chemical solution. 

The power of solution is limited, as liquids cannot 
combine with more than a certain quantity of solid 
matter. When the point of limitation is attained it is 
called ihe point of saturation. 

It is worthy of notice, that when water has dissolved 
saltpetre up to the point of saturation, it will dissolve 
a considerable quantity of common salt. How is that ? 

Here is a basket full of tomtits' eggs, which repre- 
sent the globules of water; into the basket of eggs 
we can put peas until it will hold no more ; we, how- 
ever, put in some corn until it will hold no more of 
that ; but even then we can add mustard seed, and the 
basket will be no fuller than it was at first. 

So it is with water holding in solution other matter. 

The highest result of chemical attraction is union, 
which may take place between bodies under every 
modification of cohesive attraction. 

Bodies that unite in this manner combine only in 
fixed proportions, and the combination will often pro- 
duce a total change in the properties of the combining 
substances, and produce heat. Combustion of coal, to 
wit. 
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On the application of a certain amoizixt of heat to 
coS^as is^nerated, wMot forms a «rxxo:rx ^tk tie 
Sir • buJ if tie latter is deficient m quantity the result 
is ^ater. Why ? The f7«« is Vdrogen, ttxe ««>• contains 
oxygen, and the two, in fixed proportions, form the 
w/ter which fiUs our rivers and brooks, xrx whici fish 
swim and dive, and dive and swim. J.± we add a 
little more air— another atom— the result is carbonic 

Suppose the air to be supplied to a lurnace so that 
no smoke is visible, we should eay the proj^er quantity 
o£ air was being admitted into the furnace rendering 
oombustion perfect, and evolving heat ; and when 
tlxat is so, chemical union is in the highest degree 
ao complished. 

TV"e were referring to alloys, and having explained 

-ttLG tGjrm, with other matter more or less intimately 

connected with the subject immediately before us, we 

GSLTL T^Q-w tum to the crucible pots, and after taking the 

TiiS. €>f£ look into them. 

TJie first contains an alloy for brass, which consists 
of 

9 parts of zinc ) Brass 
16 parts of copper / ^^^^^• 

JiTa.s& is a very common alloy, and is not used much 
ahoisL-t ^xigines. 

T2xe^ xioxt pot contains an alloy for gun-metal, which 
consifi^'tjs of — 

9 lbs. of copper ) ^ , . 

1 lb. of tin J Gun-metal. 

GfurL— x:r3.^*^-'- ^® very extensively used for bearings and 
huslx^^* 












2 11>s. of 






.0^'' 



rendersit deficient t^" ^ooox..at <.i '.i..^\i^\ 

it is therefore l^t.1* ,^^I>X>°^*^ a- ^elgt^ "^ ^ , 

various w^ys "^I*l"-«3. xxx«ol.«.^ioally to ^ ^ ^ 



vanous ways. -— — ^«.xiicai.i.y x" ^^ ^ 

metal Tt!^ • ^ l>©ai-xng., a.:r© illled ut» ^ ^^ 
mm T?" '! ^""^^ *^ x-oelxxoo tlxe fricti^^^O 



"m. It must be vinder stood, tlxat tliere i^ !il 
^S as a perfectly smootlx s^rfao^. We *^^ 



^tigTious STxrfaces ax-e as roxx^lx as a " 
^oa as hard as *' jflirxt;.*^ 3Bv 





Ii"****"® the ai-ea. of t^lxis lxar<i ana rot, V^" 
j;educed, and by fiUiixg^ tliom. ui> ^writt soft. ^<X 
^erable resistance is removed. In fact ^^ 
'"f'not run cool xinless filled "tip* "witli ^X^^v^ 

•^t is Very necessa,ry to ol>-via,-fc© lieat ^"^T- ^ 



machinery, wticli may be i>roducoa w^fc^ <^>^ ^, 
put together witH all i*s i>arts dulj. ^ ^*" 
Jtted together, witli ixo side or end pi«.J^:^ ^. 
f°^ aU xjietals exi>arx<l by Ixea*, wbeti^^ ^^^ 
„r "^f V friction- ^^Jlo wanoe £ojt thi^ ^ 

'•f ^ialoric, comnxon to all bodies wlia<e^ J%^ 
W^Tasiaerable attention, of la*« years; ^^^^^, 
^as literally ignored, axxd ±b.G coat ^^^ ^ 
^^atare wiU have bor coTxrso. Xf ^^A J\^ > ' 
ato^t> te soon finds li©r j>atlxs are ^| A %^ ^ i 
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But if he puts up a lar^e brass, cottered tigM-up, and 
neglects to aUow room for expansicn by beat, be wiu 
fiud that the brass wiU make Ms ways far from 
pleasaut. 

It should be remembered that there are parts of an 
engine which must necessarily expand. If an eng-me- 
ma^ duly considers this, it wiU guide bim in many 
instances towards a right issue- Nothing either in 
® engine or the boUer is of the same size when cold 
. " ^*»ea hot. Therefore, instead of this principle 



as 
faein 



gr^f yS^^ lightly of, it should command very 
Qecf *'*'^*^'^®^ation. I know a case in which the con- 
throu 'h "^e®^ tw-o boilers in steam was torn asunder 
4jj > j° ^** allowance for expansion being neglected. 
tio-^xT f ^^se -was that of a largpe valve being fitted too 
^^oke +h^^ *^® bridle when cold; so that the valve 
seeno ir .® ^^idle by over-expansion. Sometimes we 
^id of {^'^ being driven into a stuffing-box, with the 
^®ated ft ■°*^^^"=*ier and chisel ; consequently, when it ia 
°^^^pa ^ steam, the rod is gripped as by a pair of 
'^Poaaibl^ * ^^s^* of expansion. Lubrication becomes 

,?^«aj6eS, ^l*<^«ien expansion by beat, it should be 
J^t a o^i,-tf^"i'!L"i!!"i"^.^y --OUS -^sequences. 



'^^-J^ a i^'rf -^'*^'^-?*''-*'°^'l®°ser has thus been cracked" 

''?''°^ C "^ ^^ ^"^ ^*^'*^ leaking. Sudden ^ 
"^b ^^d^ ':^«-<ie niany an employer's heart and hS 

^« « S^. *"^^ graphicaUy explaiued-lC jT^'' 
'''iptZ^ ^^ J^^f, ^^" ^*^i^ a Cornish or 1 ^^ 7® 



fCV'*^ ^oHer contaiuiug water, ^ Ztt^^ T^^ 
^ ttt« ^^x-e IS commuiiTo.«+..^ * ' ^, Portion of 



communicated to thV °* *J^e 






^To-^ ^-V>« ^o t\ve ^ in i 



flues, W IV ^>^ ^ i^ ^ ^i'^^'^r if * ^^^ <^ 
boilet-^^ .^-"^^ ^*^ * ^^'el along 1 



'^^^^^«r-^ It -'^ *J^^ ^f ^"'^* '^'"* 



is very ^ojidti^^ firoO<*' ^iflO- F" 07 . 
ttat 01 X. , jiv forSOK 

is taken aa> »g ^ ^e^^Ooi) 
handles of cocks md ^^ .i^^^ ^ 
Bodies of a poroU'^ 
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eciaUy fibrous substances, as wool, are extreme y 
L conductors. "Wlien an enginemaii is thorougniy 
uainted with tte conducting power of substances, 
learns on what substance to bed and surround the 
lers, BO that the least possible beat may be con- 
,ted from them. 

Conduction may be defined, in sbort, as a giving out 
leat. 

iletals are good conductors of beat, and therefore 
>d radiators — giving off beat to the surrounding 
iium. To prevent tbe loss of beat in this naanuer 
m steam-cylinders and steam-pipes and the tops of 
lers, they are clad witb. felt or \^th wood ; or, in 
case of boHer-tops, covered witb. burnt earth, s^^^ 
lisused fire-bricks ground up into small pieces. 
iVater is a bad conductor of beat. When steam is 
t raised in a boiler, tbe band may be applied to the 
er part, although the temperature of the w^eAer he 
P or 250° at the upper part. It is because of the 
i-conciucting character of water tliat heat is »P" 
3d to boilers as near as possible to the bottoms of 

%nt^^c,^z^an is the carrying of beat.' The water in » 

io^^^w^trt^r^/"" P^^^-1- imrle^ately i- 

^^^^V^l^":^^ - ,"="8 to the top of *« 



^ez. ^^ w ^'f ^^P^^^^^ to tbem by coxxdnction. 
^u. Tj^txe beat enters a -nar.+. ^^ -u-. . f ^x^^Tirater 






^ ^^« ^STr.^! -! ''^^^ *^« *°P« or even j^st aDove 
^/a^« to Xlace ?? °'' jol^me, cavtses the header 

^ fitted to tie surface of the 
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water. The act of boiling creates a current of hot 
globules upwards^ expanded and charged with heat 
taken from the furnace-plate ; and a current of cooler 
globules descending to absorb, in their turn, and to 
diminish the quantity of heat applied to the plate by 
the fire in the furnace. It is clear that if the globules 
of water are embarrassed in ascending or descending 
conduction is hindered, and the plate is liable to be 
damaged by overheating. Evaporation depends for its 
efficiency not altogether on the quantity of heat applied 
to the plate, but also upon the quantity of heat taken 
from it by ascending and descending particles of water. 
Hence the necessity for favourable circulation, and the 
absence of overcrowded flue-tubes. 

Again, the heat from the walls of the steam-cylinder 
is conveyed to the condenser by convection. 

Madiation, — Steam-pipes radiate heat into the sur- 
rounding atmosphere or the enclosing walls. How can 
this loss be prevented ? By clothing the hot surfaces 
wifli non-radiating substances, as already mentioned. 
It is highly probable that the characteristic of non- 
radiation is due to the presence of confined air among 
the interstices of the substance or material ; as air is a 
bad conductor of heat, and ofiers a barrier to the 
escape of caloric. 



CHAPTER III. 

THE STATIONARY ENGINE— CONDENSING BEA^ 

ENGINE. 

Plate I. — a is tlie cylinder, securely bolted to 
base-frame J 2, placed inside the outer casing or st©^ 
jacket B 2. 

B is tbe valve or nozzle ; c the cylindrical slide-val^^' 
by which the admission of steam to the cylinder 
regulated, as well as the exhaust to the condeti^^^* 
a 1 is the upper steam-port ; a 2 is the lower ste^-^' 
port ; B 1 is the throttle- valve in the steam-pipe. Z 
18 here shown in the position it occupies for conv^^' 
ence ; but it is usuaUy placed close to the nozzle. ^ ^^ 
the piston, to which the piston-rod e is attached ^ 
means of the conically formed end, and the nut ^ \ 
The piston-rod passes through the stuflaiiff-box A 3, ^^ 

the upper end is fixed to the mia/n^ \.^o^ ^9 ^' 

.7 . T 1 /. ^, ^^-^^^-'^O'CUe cross-head E^. 

the maixL-links of the parallf^l -^v. ^- .• fh^ 

^r.^«« »,^«/i ^r. +1,^ V V ^^^"^otion connecting *^ 
croas-liead to the cyhnder-guageon at the end of tl^^ 
workms-heam or main-lever q ^^ ^^ ^\ot^ 

consists of the main-links p 1. ^^^P^J^' T t^ 
paraiiol-x-ods p 2, and the radix^^^^ ^^^'^^^^V ' f ^ 
compl^t^ set of this motion oS 1 ""^^^ ^ ^' T^'' C 
lever orr beam. The parallel ^^^ ^^^e otthemaii^ 

^ •■'•i-ods connect the cros^" 



The ta&ia-ToAa eoxmaet t\iei exo 

H is tiie spTmg-\>eaTCL to ^w\x\c 
porting tiie atuda axe aee\xxed. 1 
air-pump-Tod q.1 is ^^e^i to tVx 
q2. The back-luika conxiect tb 
gudgeon q3, fixed in. t^e Tualix-le 
The function of tlie paraWel-Tx 
piston-rod and tKe aix-pnxnp-T 
lines of ascent and descent, t\i\ 
strains whicli would, if tliey we 
upon them wlien at A^v^ork, arisii 
motion of the end of tte beam. 
The centre or main gndgeon < 
lever oscillates, is supported by- 
blocks,'' one on each side of t 
are bolted to tbe spring- beam a 
beneath the spring-beams. Tl 
the spring-beam nnder the mai 
of the spring-beam are secured t 
The extremities of tbese girdepi 
ture, are built into tbe walls of i 
The entablature is further sup, 
J 1, one under eacb. main pJumni< 
The upper ends of the coluw 
the entablature ; and the lower e 
i2. The base-frame is secured 1 
to the foundation. 

The gudgeon at the other e 
lever, is connected bj the con 
crank-pin k 1, fixed in the end c 
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The orank-siaft i,, to the end of which ^^'^^^^^ 
firmly keyed, is supported by and revolves in tHe beai 
ing L 1, bolted to the base-frame. i, tw. 

The fly-wheel l 2, and the excentric *f-— f ^^^» r^ 

the drawing in dotted lines are Ukewise kej^d to 

the crank-shaft m 1. The excentric-rod connect^ t\ve 
excentric to the lever m 2. lievers, n 1, are place,^ q^x 
the same shaft, at right angles to the lever M ^, cz3ff^ 
on each side of the slide-case. . 

N the rocking-shaft or weigh-shaft, on wbich. t^^ 
levers n 1 and m 2 are keyed. 

The side-links c 3 connect the ends of the levers 
^> 1, to the cross-bar c 2, on the slide-epindle. 

Tie slide-valve rod or link, c 1, is iized at the loyrexr 
®Dd to this cross-bar, and at the upper end to the sKde— 
valve. 

N 2 10 the balance-weight, fixed on the back end of* 
*^e lever n 1, to balance the weight of the slide-valve 
^d the rods, o 1 is the exhaust-pipe leading to the 
condenser o. o 2 is the injection-sluice, by which the 
injection-"'^"*®'^ ^°^ condensing the steam is admitted, 
as a jet »»^ *^® amount regulated, o 3 is the passage 
from the condenser to the air-pump p. p 1 are the 

8uction--e»lv^^ ' ^ .? t . ^®^^ery-valves ; o the air- 
pump-hxicket, provided with valves, q 1 the air-pump- 
rod, fixed at *^,^^^3^; «^d to the bucket, and at the 
upper etxd *<>. *^^ "^^^^« f the cross-head q 2, as 

Teady "^^^^'TtvW^^ i^ot-y^en; s the cold- 
Ser cisteni, ^ ""^'^ ^^^ condenser and the air- 
r^l stand, axxrro'znded hy water, s 1 the overflow- 
S for waste water, t xs the cold water pump ; x I * 
t^fsuction-vaX^^J and j; the pump^tucket; also sup- 



fjf^d with a valve, v the rod connecting the bucket 



v^ 
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to the gudgeon v 2, fixed in tlie main-lever ; t 2 the 
delivery-pipe to the cold-water cistern, v the feed- 
pump ; w, the plunger, connected to the gudgeon w 2 
in the main-lever by the rod w 1. v 1 is the suction- 
pipe from the hot-well, v 2 the delivery-pipe to 
boilers, x the standard supporting the governor. 
X 1 is the governor-spindle, on the lower end of which 
is keyed a bevil-pinion worked by a bevil- wheel fixed 
on the shaft ; x 2 is the fulcrum at the upper end of 
the spindle for the arms or bell-crank levers x 3. The 
governor-balls x 4 are fixed to the extremities of the 
lower arms. The ends of the upper arms are connected 
by the links y 1 to the sliding-brass y. The rod y 3 
is attached at the lower end to the sliding-brass by the 
swivel-joint y2; and is connected at the upper end to 
the bell-crank lever z. 

The rod z 2 connects the lower arms of the bell* 
crank levers z and z 1. The other arm of the bell- 
crank lever z 1 is connected by the rod z 3 to tho 
end of a lever fixed on the throttle- valve spindle. To 
this spindle the throttle-valve b 1 is also fixed. 

The working of the engine is as follows : — To start 
the engine, the first operation is to get rid of all the 
air and water in the cylinder and steam- passages, and 
to warm the cylinder by admitting steam to the 
jacket b2. This is effected by blowing through a 
quantity of steam into the condenser. The steam is 
condensed and a vacuum is produced at one side of the 
piston ; whilst steam is admitted to the other side. 

These operations are carried out by working the 
hand-lever m 3, fitted to the lever m 2 on the weigh- 
shaft ; the excentric-rod m 1 being meanwhile discon- 
nected. The slide-valve is then moved alternately up 
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excentric to revolve ; and the horizon! 
the excentric is communicated to th 
which in its turn, by means of the 1 
imparts a reciprocating movement, thou 
direction, to the slide-valve ; the exten 
communicated to the valve being equa 
traverse of the excentric, or to twice the 
preHmiDaries being understood, the n 
working of the engine may now be consi 
Starting the Engine. — Let the engine 1 
tion where the piston has described om 
descending stroke. By the mechanism j 
the slide-valve is placed in such a posi 
upper steam-port is left open to the stc 
boilers, which enters through the throt 
the shde-case to the cylinder, and forc( 
downwards. 

The lower steam-port is open to the 
the steam which was admitted to the lowe 
cylinder, and by which the previous up 
made, has passed out and down the exhai 
tion-pipe to the condenser. There it meets 
injection-water supplied from the cistern. 

The water is forced into the condenser tl 
injection-pipe and sluices by the pressure of 
sphere. The steam, as it comes into contac 
cold water, is instantly condensed, and a 
formed in the condenser, and in the cylinder 
piston. The water employed for condensing 
and the condensed steam itself, occupies the 1 
of the condenser, until it is pumped out b; 
pump. 

The steam is prevented from leaking past 



^? • « 9 sec***' ^ t-we '^{, p piBtoTv> » ^ ot 

fitted m t\xe spac« ^ ^ aesc^^^' ,^e sa^« ^-y^e 

the main-levet i» *^, xg f^"" ^^t o* ^^^^ £to^ 

tHe air-pump bucVe* ^^N^et Vf ^ ^f^^eA^^^ 

^ The water occup5^f ^<f^oti^ ^«t W^et ^f %d^. 
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The delivery- valve w 4 is closed, and the water is 
drawn in from the hot-well, through the suction-pipe 
and open suction- valve w 3. This valve will also close 
when the plunger reaches the top of its stroke. As 
the piston nears the bottom of the down-stroke in the 
cylinder, the altered position of the slide-valve opens 
the upper part to the exhaust. The steam immediately 
rushes out of the cylinder, and down the middle of the 
slide-valve and exhaust-pipe, to the condenser, where, 
meeting as before the injection-water, it is condensed 
— ^forming a vacuum in communication with the upper 
side of the piston. By the continued movement of the 
slide-valve, it gradually opens the lower part to the 
steam from the boiler, and enters the cylinder under 
the piston. The piston is then forced upwards. 

The end g 2 of the main-lever is also forced up, and 
with it the air-pump bucket is raised. 

Air and water are thus drawn from the condenser 
through the suction-valves into the air-pump, and 
they are prevented from returning by the closing of 
the valves. 

The water above the bucket is forced through the 
delivery- valves p 2 to the hot- well. The supply of 
feed water for the boilers is drawn from the hot-well 
by the feed-pump. 

The waste water overflows through the waste-pipe 
R 1. The end g 3 of the main-lever is now depressed, 
and with it also the cold-water pump-bucket, and feed- 
pump plunger. 

The suction- valve of the cold-water pujnp being now 
closed, as the bucket descends, the water in the pump 
passes through the bucket-valve to the upper side, 
ready to be delivered to the cistern by the next up- 
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stroke. The Buction-valve of the ^«^^'^^^^Jer now m 
closed, the descending plunger forces ta 3^1 

the p;mp through the delivery-valve to the a 
V 3, whence it is conducted through the delivery V ^ 

to the boilers. t^- ^ of oxty 

The use of the air-vessel is to form a cusluo^ ^^^^^^ 
the elasticity of whicli prevents ^r xnodifies «i ^^ 

impulses or shocks whicli ^^uld ^^^^^^^^^^^^^ of 
the pump and its parts by the inelastic movem 

water, which is incompressible. main-lever 

The depression of the end g 3 of the ma ^^^^^^ 

causes the depression of the connecting-roa, 

down the crank-pin towards its lowest point.^ ^^ ^^^ 

By the movement of the engine, the posit^^^^^ ^^^^^ 

slide-valve is again changed ; and, as the P^T^^ ^.port 

the upper end of the np-stroke, the lower ste ^^^^ 

18 again opened to the exhaust, and the steai^ F^^ ^ 

to tliG condenser, as before. The upper steaX^'P ^^^ 

then opened to the steara from tbe boilers, ^ 

pistoiL is again forced doTvn. ^^q 

For each revolution of the crank- shaft there are ^^ 

positions of the crank, called tbe dead P^^^'the 

^JijoIjl the power of the engine exerted *1^^^^^ i ^ing 

^o^xie^<3t,iiig-rod has no influence in causing ^^"^ 

• - ma 

dead points are those at which the cT^^^f n 
a. latest and lowest positions of its revoluti"" ^ 
-E«^Jg. 1, page 46). 

^ the crank is at the highest and lowest poaj 
i..« force of the steanx o^ the pistoix i^^^^jT 
-» -' pulhng or pushing the crank-shaf* «P'"^ 
a.rds. 

pensate for this characteristic of *te action 
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of a crank, the fly-wheel, which is keyed to the 
crank-shaft, comes into play. By the momentum 
acquired by the fly-wheel during the intermediate 
portions of each revolution, when the crank is taking 
up the power of the engine, the crank is carried past 
the dead points ; and thus from the up-and-down 
motion of the connecting-rod the continuous circular 
motion of the crank is obtained, and the shaft is made 
to rotate. 

By the momentum of the fly-wheel also the engine is 
caused to work more equally and more smoothly than 
it could possibly work without such co-operation. 

The use of the governor is to maintain the engine 
at a regular speed, and to proportion the quantity 
of steam used to the work which is to be performed. 

The principle of centrifugal force is here applied. 
When the engine goes too fast, the rapid rotation of 
the shaft is communicated to the spindle of the 
governor and to the balls by means of the bevil- 
gearing. 

The centrifugal force thus generated causes the balls 
to fly outwards and the upper arms or levers to rise. 
The brass-slide y is thus forced up, and the movement 
is transmitted through the rods and bell-crank levers 
(as indicated in the drawing) to the throttle-valve, by 
which it is partly closed. 

The quantity of steam admitted being thus reduced, 
the too rapid speed of the engine is checked and re- 
duced. Conversely, if the engine is moving more 
slowly than when at its regular speed, the velocity of 
the governor is lessened and the balls fall. By the 
fall of the balls the brass-slide is pulled down and the 
throttle- valve is farther opened ; more steam is thus 
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^ainitted to the engine, and its speed is brougM up to 

^^ sSt not'admitted into tlie cyUnder during tto 
^bole of tlie stroke of the piston ; on tlie contrary, tae 
slide-valve is closed, and tlie supply of steam is cut o 
to the cylinder before tlie stroke of tte piston is com- 
pleted. The enclosed body of steam expands as tae 
piston moves on to the end of the stroke, and fills t 
cylinder. But the pressure of tlie expanding steana 
decreases as the space into wHicli it expands increases. 
This is the principle of tlie expansive- working o 
steam-engines. The practice of expansive- working 
to a greater or less degree is xiniver sal, and it is 
means of effecting economy of fuel to a consideraole 

extent. 

Though the maximum available power of an engi^® 

may be reduced by the practice of expansive-^ort' 

^g, yet, on the other hand, if steam from tb© boiler 

w^ere to follow the piston right to the end ©^ 

stroke, tlie engine would not pass tbe dead points so 

smootlxljr as when it is cut off short of the end of ^^^ 

^^roke ^ and, besides, tbe exbaust-passaffe would ^' 

^ozne oJbofced with steam, and the final result would te 

ooa^xci^rable degree of back^pressnre 

n^J^^L^"^ ^^^ '^^^"^ ^^ ^^* off at one-third of the 

^ remaining two^tliirds of tbe cylit^cLer-space 

for the expansion cf tlie steam lodged '^^ 
XiJtiird part. 

und in practice that steaixx is saved xt^ g«*f 
=«- than the power is rediaced. Hence the 
:>i the principle. 

^:o. quantity of power is reaUy gained, for it 
^xdent on consideration that although the 
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pressure by which the piston is impelled by steam 
worked expansively is gradually decreased as the 
volume of the steam in the cylinder increases, all the 
power given out by expansive action is obtained without 
the expenditure of any additional steam, and without 
any additional expenditure of fuel. On the expansive 
principle, steam of a higher pressure is used than is 
ordinarily the case in condensing steam-engines, where 
a low degree of expansion only is carried out. 
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CONDENSING BEAM ENGINE. 45 

ployed to produce a rotatory movement from the reci- 
procating action of the engine beam. It is a remark- 
able fact that whilst much talent and ingenuity were 
being employed to find out a plan which should convert 
a rectilinear motion into a circular motion, and so 
utilise the engine for driving machiiiery as well as for 
pumping water, the means were nigh at hand, even in 
the street, to be seen in the knife-grinder's wheel. 
But where a rotatory motion is to be obtained from a 
reciprocating one, by means of the crank, a fly-wheel, 
L 2, is necessary to continue the motion at those two 
points of the revolution, called the dead points, in 
which the crank lies in the direction in which the 
moving force acts, for at the dead points the crank 
afifords no leverage to the power, and consequently no 
power can be effectively exerted. When a force is 
alternately applied suadenly to a body, and ceases to 
act, it is an intermittent force. Such is the nature of 
the action of the steam on a crank through the con- 
necting-rod which ceases to impel the crank at the 
dead points. With the aid of a fly-wheel on the 
crank-shaft, after a few revolutions momemtum is 
acquired sufficient to carry the crank past the dead 
centres, and to urge it forward in the direction of its 
circular motion until it is brought into a position again 
to ofEer leverage for the steam acting through the con- 
necting-rod. When steam is urging the piston it is 
urging the crank ; when its power ceases on the piston 
it ceases on the crank, and the augmentations and the 
diminutions of the power thus exerted, which follow 
each other rapidly, are by the momentum of the fly- 
wheel as a reservoir of force, converted into equable and 
regular action. But at every revolution of the crank 
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and fly-wlieel, the heavy piston and the "^^T^ ^f^V 
%. I appe;dages have to l,e t^ce -erf -^^^^ 
motion ; and were these reversals to be b^o. 
efEected the engine-house would soon come down- 

The shock at the reversal of the motion is pre^^ ^^^ 
by means of the crank. Let a b, Fig. 1, ^^^P^®^® , o 
crank, equal to half the length of the piston strode , 
or half d f, and let e^ c a c/ represent the 8«"^; , 

through wHch the crank travels 
whilst the piston performs a stroke, 
1 to 2 ; then, with lines drawn from 
the stroke line to the crank-patn 
line, it will be seen that the piston 
travels from b to g nearly a,t tne 
same speed as the crank, a^^^ in tn^ 
same time as the crank travels troni 
a to c. But let us regard the next 
and finishing part of the perfor- 
mance: whilst the crank moves 
. ^^■'- through the space c to d, tHe 

PWton moves from a to d, only half the distance, and 
*ierefore at half the gpeed, and so the piston is chwsked 
^d slowered in its speed as it nears the ends of the 
^^r^SVaro-^' siocfe which otherwise wonld have 
^^■^^-mo^^r^ g j^ ^^^.^^ i3 j,ot fitted to all 

O.S.. it would be__superfluous, and 




*ie eamxiT "'<^^ea8Q .^^ xJ-ximber of working parts ot 

Vy/C/rf ^y^^H^Zr ^^ *iel that might be effect^ 

^d ^eeplt ■''°^ ^io^%r the expense of naakmg it 

JfJlG pri * ^^ -Ml 0ft7 

'maient^^'Ple of 7^' ^^^ion can be attained, mth 
"o^omiVoj e^^^^ _ ^ g^j^e cases, by means of 
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«t^ off at any xre<i^x-e<i i>ortioxx 
Iterefore tlie lixilsi-motioii. is n.. 
toobtaxn expansioxi. Some your 

. *°i^l£; if an engin.© is -witlio\i-fc t 
"ig witKont expa-nd-ixxg- -fcli.« steax 
steain is generally, in. en^ixxes no 
cat oS. at one-tlaird. of* tlxo sti-olsie 
rtafiitical consiclexra.tioxxs ifoTrxrx tlii 
"cut-off," "bixt izx ca.ses -wlxoro -fcli* 
is vmiform, tliero is ixo i-^a-soxx -vsr'. 
not be uniform a.lso. Tlie same 

apply to an. eng^ix© -wlxos^ pistoir -^ 
loads, especia,lly -wlxex-o ex:i>e<iiti 
quired, and varyingr loa.cls a.ix<l ej 
Then the expansioix gj-eai- is Gxzxp] 
as the steam caix bo aXloTved to 
nearly the end. o£ *li® str-ofee, / 
^VSnctly, or it caix b© oxx*-o:ff f 

«fcroke. 

The Imk-motiozx is also Gxaplo 
reversing engines. I* ooixsxsts c 

their respective x-ods attaolzed to , 

is frequentl;jr formoci *o a x-acfiu/ 

of the rods- ,^ - 

The lint is inaae ojperx ; a c 

connection witli tlie ^^ZT^' ™^-^ 
by shiftxno. if/6^ //^>2^- ^f ^ ^f' 
iini is commnnxcated *o tie Ta7 

*ie eccentrics- TTliexi tie Ae 2^ 

*Ae tojvel of the valv^e JS ^e^zzc/ i 

«9«a^ fo tTTice tie linear advam 
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48 '^ ^^ ^^® *^P ^^ *^® link one i^v-ay, whilst the 

. ^c>"^^^ moves it the o titer way, so that the 

excetxtnc^^^^^:iu ^^^^^ ^^ ^^^^ centre is jixst as much one 

othet ^^X9 ^^^ ^^ steam were turned on it would 

tecipTf^ ot>l^ ^ t^^ moving the engine when the valve 
way ^ ^ffect> t travel to xmcover the ports. But by 

■jxave tx ^^jg^ei^'^l^ the amount of travel is increased ; and, 
^^^ ^\g theli^j^ lowered to the full extent, the valve 
^^ v^^ the Un^ ^Z^i^^"^ travel ; the excentric-rod occu- 
Wes ^^^ ta^^ ^0 nearly as practicable in a straight 
^^^^ a -poBiti^^^lve-spindle. Thus the amount of 
^!^ with- ^^®. ^^tnmunicated to the valve depends 
travel wh^ieh i^ ^-t which the movable block may he 
upon the distanC^ ^O^^ ^^ *l^e link. By moving the 
from the central >^ iu the link — ^which is, in effect, the 
«^ die" up a^* ^ '^^ ^^ raising of the link on the die 
same as tb© lower^^ j^X^"^^ ^^ ^^® valve may be varied ; 

^^ atJ3-^^^^ -fcr^^^l <^f the valve is the measure 

and seemg that th^ the travel by raising the Hnk is 

of thelap^ t^ ^® p^^i^S tl^e lap, and hence it is that 

eQuivaleixt to i^^re ^^^ its advantage in being able \^ 

the link-txi^t^^^ derx ^f expansion, so that the steam 

reeulate the amoun^^ g^it the load upon the piston. 

be measured out i^^^^Tte object of the parallel- 
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Parallel-'rnotion, F-^^ the rectilinear motioi of the 

motion is to provide :f ^eract the oblique push from the 

piston-rod, and to coa^ ^lie beam in all beam engines 

end of the beam. ^0 ^y^e end of it describes a portion 

vibrates upon a centr^^ ^ti'^^^- The piston-rod, on the 

of a circle over the pi^^^a^e up and down in a right 

contrary, is bound to ^^09 ^® ^^^^^ctly attached to the 

Jine ; i* cannot, the^er^il ^ti^® ^^ intervention of the 

end ^^ ^^ beam, ajx^j -^ -fche parallel-motion, by means 

ejgg-ant mechanism caXl^ 



of wHich tlio altornaiiing' recti: 

IS made to ^w^ori: IxaxTrrxoxiioias 

curvilinear mo-fcion. of a root 

consists of tlio xnaixx-lixilsis f, 

parallel-rods :f 2, axxd "tlxo radiu 

rods conxieci; "fclx^ c^ross— liead i 

tlie main-links to tli^ c5ross-liea 

of the back-lixiks. TIlo radiug 

head at tlie low^ox* ^n<is of tlie 

or centres h 2 on braoicots by t 

rod. 

The princii>lo of tire xnotiou 
motion of tlio ond of* tlxo paraj 
fined by the xnotioix of tlie end oj 
point E 2 as to oaxxso it to desc^j 
doing so it main tains tlxo aJternatii 
of the piston in tlio samo j>ati. 

Governor. Tlxo ^ppUaation of , 

mechanism for g-ov^x^^^ ^f'^ ^f/p^ 
cyhnder was maao bj^ Wa^^. ^^^ ; 
invented by irim z irx Iirs day if. ^^^ 
com-mUls, Trbiab, fi-om the day^ of ^j 
been the nurs^ryr o£ en^iJoaer^^ ^^.. 
superior jiiUlwJri^b,^^^S'- -^^e ^^^^ ^ 
luting the Bp^^d of *^^ ^^^^^Sso that i - 
force should not ^^<^^^^ J^^ Oe^tripetal I 
briUiant thomglit aaciirred to J^-^ ^^lat i 
for governing the spoed o£ ^ie stoaxn.-^ 
ieairable object ta bo effected, sinco ^xxg 
to ''race/' with the ^^ojitio^^j^^y o£ ^^ j 
selves to pieces. It is not by any zn^^»^^ \ 
i^ence for a Ey-wbeel, or a part of ^ ^r^^^o 
throug-fi the wall of an engine- ' — ^" 
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the engine not being well under the control of the 
governor. All forces act in right lines, and when a 
mass of iron is moving in a circle it has a tendency to 
fly ofE in a right line, forming a tangent to the circle 
of motion. This tendency may be simply exemplified 
by whirling round a can of water or a weight by 
means of a string. As the speed of revolution is 
accelerated it is found necessary to hold the string 
more and more tightly. Now the force which puUs 
the string is the centrifugal force, and when this force 
is alarmingly increased, in the case of an engine run- 
ning off too fast, the danger is that the fly-wheel will 
burst and fly to pieces, the centripetal force due to the 
cohesion of the metal keeping it together having been 
exceeded by the centrifugal force. Now the engine 
governor is specially adapted to keep the speed below 
such a dangerous point. When the engine is in motion, 
the motion of the shaft, on which the fly-wheel is 
keyed, is communicated to the governor-spindle x 1, 
at the lower end of which is a bevil-pinion worked by 
a bevil- wheel fixed on the shaft. 

The centrifugal force thus generated in the governor- 
balls causes them to fly outwards and the levers to 
rise. The brass-slider y is forced upwards, and the 
connecting-Knks y 1 brought downwards. 

This vertical movement is transmitted, through the 
rods Y 3, which are lowered, to the bell-crank lever z ; 
and thence through the rod z 2, by which the lower 
arms of the bell-crank lever are connected to z 1, the 
other arm of the bell-crank lever, z 1 is connected by 
the rod z 3 to the end of a lever fixed on the throttle- 
valve-spindle, and to this spindle is attached the 
throttle- valve b 1, which is open when the engine is at 
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to receive a steel spring, immediately outside of which 
is fitted a cast-iron ring, wliicli is turned and finished 
a little greater in diameter than the cylinder, so that 
when it is cut through, with, a saw at one point, and 
the space made by the saw closed up by compressing 
the ring, it will then fit the cylinder accurately and 
not too tightly. Its tendency to spring out causes it 
to press against the sides of the cylinder, and thus it 
is that an elastic metallic ring prevents the steam 
blowing past the piston. This metallic ring is kept in 
its place by means of a junk ring applied to the outer 
face of the piston, and fastened by screws to the body 
of the piston, so adjusted as to allow the metallic ring 
freedom to work round in the recess, and force itself 
outward in all positions of the piston. If the junk 
ring happen to ^® screwed down so as to jam the 
metallic ring, t*^®^ *^® ®*®^1 spring underneath it is 
prevented from ^^^rcismg its function of assisting to 
keep the metaU^^/^^^ ^^ uniform contact with the 
barrel of the cyli^^^";. 

Air-vessel, v 3. -—.-J^s "vessel is fitted on the delivery- 
pipe or the upper side of the pump-valve boxes. It is 
a contrivance for contmuing the flow of water when 
the impelling {or^^ ^^ .^^® ^^^ has ceased to act, or 
whilst the pump-^,^"i '® making the outdoor stroke. 
It thus keeps the d^^^^^^S®. ^ore nearly constant than 
it would be witbc^^^ JJ® air-vessel. It also prevents 
the shocks which t^^. ^^®® ^^^^ the sudden stoppage 
of the water whiles* 'f ^^^^on, and obviates the loss of 
power which woul^ "evolved in stopping and start- 
le, the water fr^^ ^ ^* ^®s* at each stroke. 
x/iih a single-acti^?!,?';'^?' ^^^S^^^ t^^* tl^e dis- 
liEirge of water iti*^ ^^^^^ery-pipe is faster than it 



c^ escape ttxxo^g^ ,,^,^ a^lWery-^. 

compressea px-oi;.oxrt.io:rx3.toly to tt 
tiated ^poxx t.T:ie -^st^ox-. On tlie 
ram, as it m.a.tos tilx© oxitaoor str. 
the p\\mp closixig, -tlxo ooinpressed 
of tlie air--vessoT e:x:x>a.xxas axid reac^ 
of it, arta ooxLtiiia^Txes -to expel 
pressixre o£ ttLe a.ixr I3ec0xn.es equal 
of tlie coIhttlxl of ^wet-ter iDetweeu 1 
moutlL of tlio aesli-v^ory-pipe. Th( 
a sort of ela,stio oxisliioxi in the e 
ises irregiiTaritii^s xxl tlie ^workiu 
pump ^works siUL tlxo "better wi 
air-vessel takes -fclie knock off f 
takes place w^lieix tlie jraixt ixxst] 
and tlie Tvatex- iix tlie deliverj.j 
upon tlie val^re ox- clack, ibrciQ 
with a rattle. JBxxt, as already 
obviated J^y tlxe action of th 
keeps tlie Tvater 'hack and co 
wards tlie boiler-. Xn large p^^ 
water in g-^eat quantities q^ 
fovLiid. impez-ative ta form q j, 
yroaael to covLXLtGract the irregj 
in tlie znaiuLS, ^ special p^^^ 
pump ail- into the air-vesse] 
elastic power of the cotupj,^ 
by self-acting valves of the . 
iind, tlie shocks and irreg^j 
in the mains are counteractf 

J^alve-motion. — One oftl 
trivances for reversing tb^ 
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Steam iato the engine was a four-way cooh Vhich was 
used "by Leupold a hundred, years ago, but Whs invented 
by Papin many years "before that time. 

But it may be well to mention that, two hundred 
years ago, the piston -was reversed by withdrawing t^® 
fire, when the steam -was condensed by coolii»g 
cylinder by the air from, tlie outside. In the ^®^ 
stage of improvement tlie fire was retained, an** . 
cooling of the cylinder, and the consequent condenS*'^^^ 
of steam, was eflFected by dashing cold water over 
cylinder. 

It appears very strange that our ancestors sho'X-'i" 
have contrived to raise a piston and not at the ba-mvo 
time discovered how to lower it with equal facility- 

PoUowingr *^® P^*^ o*" condensing the steam after it 
bad lifted the piston to the top of the cylinder bf 
cooling froiaa- t^e outside, means were used to cool tbe 
cylinder witbi^ by opening a cock and flooding tie 
cylinder wit^ ^"^^'^ ^""""^ » *a^k fixed above, so that 
the water co^f^ ®^*®r ^J tte force of gravity. The 
steam havxog" ^^"^ condensed, and the contents of the 
cyUnder rVitt <>«' ^ vacuum was formed and, the top oi 
the cylinder ^^^^f ^^^"^ f *^« air, the pressure of the 
atmosphere ^J* „ ^^ °*.*, exposed piston lowered 
it to the hotto^f^{ IfJlf^''' ^^ ** the same tii»e 
lifted a buok^* fSed W ^'^ ^°"" *^^ ""^^e- The steato 

was again -^J^^enl ZZt^, ""T^ *^« P^^*-' ^5 
by the same J^^ Thus thl i-^?^ l>ucket was lowered 
into the water- ^^e was no// °^ ^^^ water, whicl^ 
^a^ the work ^^Zl'lytC'^r'^ ^7 stean., but, 
as already ejcF^^^ pi^toi int^ ^*«>o«Pheric pressure, 

which p,eese(J *^ ^ engineil^ ^^T^ b«"«**^ ' ' 
Hejice it is tb^* ^^'® called atmospheric 
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engines. The pressure of the atmosphere is 14f lbs. 
per square inch, and with a piston having an area of 
100 square inches 1,475 lbs. of water could be lifted 
from the mine to a height equal to the length of the 
cylinder. The elastic force of the steam was the first 
power, and the atmospheric pressure was the second 
power. The operation of working such an engine re- 
quired constant attendance. If steam was admitted to 
the cylinder too long, the piston was sent out of doors 
into the fields ; and if it was allowed to descend with 
its whole force to the bottom of the cylinder the 
chances were that the engineman would find himself 
up to his neck in scrap-iron. 

The management, therefore, required constant super- 
vision with sprightly action to make a fair number of 
strokes per hour. A fair day's work was done when 
fourteen strokes were made per minute. 

This necessarily wearisome and constant watching 
of the piston became distastefiil to a young engineman 
named Humphrey Potter, a " Staffordshire knot," and 
he concocted a catch applicable to the steam-cock, and 
which was moved by a piece of string attached to the 
beam, and made the engine comparatively self-acting. 
Humphrey was quite a lad, and this was done to allow 
him to do a little business amongst the "birdies," to 
look for a tomtit's nest in the stump of an old oak, or 
climb a fir-tree for a hatch of thrice-cocks. 

This device of Potter's drew attention to the advan- 
tage of making the engine more nearly self-acting, and 
the incident gave rise to many and useful inventions 
which have since become incorporated in the valve- 
motion. 

As time advanced, the gear was made up of " tumbling 
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bobs," "forked-legs/^ "centre-pins/' "shanks," "spa-^; 

ners," "tooth-sectors," "sixi^^ 
ing- valves," " valves " rao ^ 
ing on a hinge. By manipi^ 
lating these "crinkum-crank- 
ums " the speed of the engine 
was accelerated. 

The valves for admitting 
steam to the cylinder were 
either conical or flat-faced, 
worked by means of a chain 
or a catch attached to a lever 
suspended from the beam. 

Later on, Watt worked the 
valves, which were conical, 
with tappets on the pump- 
rod, which, in ascending and 
descending, caught the lever 
attached to the valves, and 
therefore opened and shut 
them as required. 

Murdoch, an assistant of 
Watt, invented the D-slide- 
valve and the excentric-gear 
for working it, illustrated 
lyy Fig. 2, which was a great 
stroke of engineering, and 
"tates precedence in its adop- 
tion for general use before all 
►ther systems, a is the valve, 
tJie cylinder, cthe back-port, 
the front-port, and e the 
Kiliaust-port ; / the cavity of 




irJ'^; ^* -^1 ^« »°--^ til. 







cylinder. Tho ^±&^^^ ^« «^ ^x.^ 
the elastic powor oi 
Jorcea it down tlxo ^ 
bottom the oi>i>osi<:e 
^utexlng at tlistfc e^ixd, 
ftiQktop; henco tlxo xn 
of tlie cylixLdLor- TTlxc 

wards over tlxo ports c^ «*j-i^jl c^ ^ *.^ 
valve, wten cLra^v^xx -fco^w^a.x-ds ^y^ let st< 
and, ^when tlxoy £tx-e <ir-a.^wxi f roin ^ 
opened to tlie GSL^v±±y <^^ tlxe -v^alv^e, 
in tlie centre o£ Tv^liioli. ^hxG letter^ 
it is clear tlia.t tlxo st;eaxxi-i>oi-ts i^ ar 
open to admit steam fV>x- viroriiing- 
same time; bixt, by ixieans oF tiis 
soon as one port ±& opeixoci, t2i© otbe 
^lien the port is oj>eixe<i to tlie cavity 
steam whicli puslioci i^lio piston to 
cylinder can sTxddoixIjr x-etura, not into t 

1 X • . .-■ -■ T^^^-^ -^xr-w fzTi irt tllG Va.JxT^ 



but into the ctainbex- w^fclim tiie ra/re, 
port e, either into tlxe condenser or tl 
In 'Pig. 8 the 8te£tna.-r>ort ^ is shown o/ 
haust-porfc. Tlie valvo is surrounded by 
outside, waiting- for *^® vai^-e to zaore as; 
it to enter the cj^lin^^ei- ; the valve inside i 
exAaust to aUoyr tJie steam to leave the cy. 
italwaya does wlxexx its elasticity is greatt 
^^ the atmospb ere. J3ut it will exba ust in 
^^^h an elasticity less than that of the i 
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iium is emptiness, and fhe atmospliere is 
a reservoir of air, having resisting 
power of itself of 14f lbs., or as a round 
number 15 lbs., per sqiiaro ineh. The 
style of the valve, as given to tlie world 
by the ingenious Murdoch, is repre- 
Bented in Fig, 2, and tliere are, accord- 
jog to til© results of modem practice, 
^^o defects about it. The first is want 
^f lead, and the second is want of lap. 
What is Lead ? — Xjead is the amount 
c opening which the valve gives to 
^\y0 steam-port when the piston is at 
■^0 beginning of a stroke. The open- 
, ^ of the port is given to enable the 
^ ^.m to fill up the steam-port and the 
^. ^rwice at the end of the cylinder, so 
*'t»»* ** ™^^ ^^^ ^^ ^ cushion for the 
* , ^^o ill completing a stroke, and to 
P^^.^t i"^ reversing its motion easily, 
*^^1 V^ithout straining its connections. 
^^I ji the valve opens the port by |th 
■a. ^'^ ^^ ^idth before the piston 
"^ 0^ *^ ^^ ^""^ °* ^^ cylinder, the 
arri< .^ said to have |th of an inch of 
■valv^ 

lead. {, is Lap? Lap is shown on 

ff^A 0,t ^ «■ This valve represents 
^'■g. practice. If the pieces of the 
^od,^fP^0xkei. off by the line were 
^alv© '%*'»y; i* would be the same 
taken ^ ^'S- 2. and it would just 
valve ^Zi0 P""^*^ ^^ ^^^ same way- 




wA^l 



Nov, if £L Aral^v^o I1.0.S ^ 
pieces, cl a, aro ^tilxs of j 
back and. froixli, a,xxA -fc 
width, over 'tlxe st^a-xxx- 
or 1 J inclies. 

After "tile s'fcoa.xrx is <3x 
in the cylindor oxxx-fciX 'fcl 
of its lap, ixxstosKi of 1 
ex\iau.st \>y "fclx^ iixxx^xr 
period of tliis ti-a^sreX 'fcla 
by its exparLsxAT^ foi 
expansive - worlsiixxg* 
longed; tlie stoaxxx 
times, or it noed xxo* 
for outside lap axxd le 
lap and lead, tilxoTxgr^^ 

outside. 

Inside lap is t^lxo axxi 
of the slide- valvo ^^=^^^ 
XB at half-stroko. ji 

escaping fvorxx ±ii^ ^^ ^ 
than when tlx^x-e is ^ 
expansive-w^orl^^^iSr 
carried too fer i* '"^ 
the release, and caxi 
then said to be ^Jf^^^"^ 
/««i/^ ^eaa is *lae » ^^^ 
of the «Iide-val^^^ ^^ 

spondipg- 8tea«i-J><'^Yo */ : 
of each steam-por ^^ ^ 

a* iaif-strofce- ^ Z.^ a , 

i^3ide lap, bx ^f "^'"I„, : 
*he steam froxa the <^J 
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confined in th.e cylinder so long, it shortens, as a matter 

of course, the period of expansion. 

Back-pressure is th.e counter-pressure on the piston 
at the side opposite to that on which tte steam is at 
work. In a non-condensing engine, it is measured by 
the amount of pressure above the atmosphere, and may 
be caused by inside lap and contracted egress for the 
steam to clear the cylinder. When an engine exhausts 
into ayat at the bottom the back-pressure is enormoos. 

unless the steam is released "hxr « ^«i i j n ' 
, ^ . -D 1 "^^"^"^^^ Dy a valve placed on tie 

exhaust-pipe, -oack-pressurf^ it^ o ^^^ j • • • 

^, XXI ,«+ ^ ^ ^'^^^^^ ^'^ a condensing enffine IS 

the total amount oi pressure* on +"k ^ -^ . i a , 

• 4. ..r^^A ^ ^»«^re on tlie opposite side of the 

piston, measured Irom the Iitia r.^^^ i j. r^. 

^ . xi, J ® ^* perfect vacuum. The 

pressure m the condenser is less fWox, ^i, i. i 
on the piston. ^ *^^° *^" back-pressure 

Condenser and its Appendages, o CPIafn T ^ tx • 

the dog-days of 1764, the UfessoV of t^"^ T^ 

Natural Philosophy of the Univerl^^ Ml ^^^^ ^'"' 
in the hands of Watt a model IZJJ^^^^So^^V^^^ 

What this incident led to wouM ^i"^°^'°® *° '"^P*^''- 
Whilst engaged upon this mtS.f T^ *^ *«^- 

active in his mind, enthusiasm spre /^f "^^^^^^^ ^^s 
these potent influences urged him ^'"^S^, and 

wflr/lfl when he became thft TV, «.^ onwards and on- 



on- 
in 



wards, when he became the most end °"-^ ^^^ * 

the history and progress of the stean."""^ character _ 

The engine was not the invention "7^^^' 
vidual ; it was the outcome of the refle f^^^ °^® ^^' 
the observations, and the experien ^°*'°°®' *^6 taste. 
The rude outline emanated from ^\ • "^^^^ minds, 
capacity to conceive; its practical ^^^ having the 
workable shape with a capacity to *^P*^*ion to a 
faculties are not always co-existent .^^^f" * ^e two 
and the palm of victory is carrier? '\. f® ^"^® ™ind, 

^ off by that genius 



^^o elaborates +>. 



on W sxae, ^xxa ^.^ ^^^^ 

of his patlx. Tt.^ ixXXTTXOX 

bevery\>iriefly giv^:tx. ^W 
sion lie jixstly loolc^cL Txp. 
the existing slicttie of ste; 
an entire strctxigox- to st^ 
pre^rioixsly ex^porimontei 
a I^apin's 13 i poster, anc 
to tliis xnodel aixd tlier 
po^vers. 

"Watt sa-Tv all its ^vreals 
was an atixxospli^x-ic eng-i 
open at tlio top to tlie at 
titG steam tlia.t ra^ised tie 
ing- cold Tva.tor into the 
yviiilst it Tva,s a,t tlie top o 
eng-ines at tliis jperiod 
-pjrxTTGijplG, J-JJs aavite in- 
in steam to SLiiy great exi 

o£ IcLGSLt frOXTL COItd.G118atlC 

inj Gated, into tlie cylindej 
piston . It 'WSL& zn. en tal coji 
faculty, wltich at this / 
Th-G eng-ineera of the day 
ration £air Gngine-huild 

readied beyond. Se ^ 

share o£ penetration, qx2> 

what benefit would his sf 

large had he simply jj^^ 
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^etal, instead of scattering Ught where there was no 
light? Ble set himself to tlie task of 8ol^:M.xxg the riddle, 
V whicli the engine had been cramped for years ; and 
his strength of resolution rewarded h^ixn. Why, at 
this very time there were men living -v^^lio had been 
Ifptized with steam, but te tad divorceci Bimself from 
JJe lifeless idea that tliat had anythin.g- to do with 
^he form or direction of /its life ; and ln^xs phflosophy 

^^^irahly displayed wtat could be accompHshed by 

genius. ^ 



Jp his task. Scene : A. lonely room ixi the college. 

!jf^^.- I^oss of heat from the condensation of steam 

^thiTi tljLG cylinder, by the injection of cold water, 

/^P^odiico a vacuum under the piston. JVbte : Tie 

c Id-- ^^ creating a vacuum by tha injection of 



^ '^atox- znto the cylinder itself was suggested by 
^ ccident, -v«rJbich came about when water was used on 
® ^op of the pistorL to keep it steam-tight, and 

Jift^ *^^ »^3c:liaust-steam that is, the steam which had 

cyi'-, *^^ X>iston from the bottom to the top of the 

the ^^ '^^%^^s condensed by dashing cold water over 

ajj e/^^^^^^ ^^ *^® cylinder. A. hole in the piston of 
^ie ^^^^ ^ii-:rougli which cold water leaked, so increased 



Cq ^ — ^--W^U WXXX^Xi ^^^^ T^c*..v.* ^v.««.^^, ov,*-^ «w^ 

^Itho ■'-'■^^'^iou of the steam as to be perceptible ; and 

lot e ^ -^* :Qrst the improved rate of condensation was 
he ri \ ''^ ^<3L, and w^as attributed to other causes than 



en^ ^-*=»-^^ yet when tbe true cause was discovered 
mplQ^^^ ^-"ttention, and provoked instant action. 
^ fifeamL^ "^'^s.s, it was tbe means of conferrii3.g xipon 
^ject cT ^^^^^^® additional interest. It \vas v^^ ®^»y 
<it8 a^^ jvater into tbe cylinder, and to ^^^ ^^» 

^«hVsto:«r ^^^^'''*? oompare it with the ^^^^^} 
ys toxoid.. This IS exactly what was don^^ ^^'"-^ 



i^i'^'isisrT'icm^ OE* THE condeks 



was, a3 -we may no-w ixncLerstaixd, eminc 
and th.e operation £«,-fc oxxce placed. th.e en. 
fitted Avitla. an injec-fcion.-'^va.-fcexr cock atai 
there •was a "vast "wo.s'fc^ of stea.m, and tli< 
with.o\xt any appea.xraa3Lc:^ of liealtliy vit 
being spasucxodio ancL lon-cex'-fcaiii.. To stt 
was necessary to l>lo-w' stea-xo. into tlie 
the lo-wer side of tlxo pistoix, xuxtil tl 
\iot as "boiling-^^rater- IBy tliis operat 
exferacted from, tlxo steain., jaixd. taken ij 
of the cylinaer aix<i piston- ^?^®^' 

charged witli. liea,t being- as liot as 

cylinder was prepared for tlie oP«^^« 
cick. Tlie time for *lii« to be don. 
steam blowing froxn tlxo ^^^'^f'^Jdo^ 
valve attactef to it, and ^^^^^J^^°\ 
tie cold surfaces no ^<^f'^^Z'^^^J 
steam to raise tteirx *^^*^^^ opened bjr 
consequently, tlie ^^^^ ^ ^j^^ coxnpletiou 

^\ie steam, and ^^^^.^f!-^^ -cook wa« ^iea 
«iWing. Tteanjeo^on^o^^^^^^^^ 

pressure of the coin ^^idx woe above 

leading from tly ^-^ ^^^^^ ^^^^, ^^ 
to force jets of e<^ ^^^^^gj, the cylinc 
afterwards scatterect ^^-^^^ of ita hea 

time the steaixx ^^^^^ /^ ^^eii- co/^er / 
Its elasticity ,* ^^'^^ -, ^2ie Burrounding 
heat from and «««^^^^^^ecf / J^Ae., ^2re 



0^ tie atmospliero 



partial vacuurn ^^^^^^^ e^e^-^et/ oa ^A 

^^7 *o *i^ bottom of tl 
caused to descend ^*^ ^ ^t > 

„,„ . , -^ Hv- tie steam to the top 

"'as raised afi-am »J^ *' -^ 



, ,r """""^TZ.-*!! » vacuum Kzz^er /if 
of tie piston, ^'*^.^ ,,, .^,.,^ ^^,; 
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and the process of condensing tlie steam by the injec- 
tion of cold water was again performed. It may be 
added that the injection water and condensed steam 
descended by their own weight through an escape- 
valve into the hot- well below. 

Such was the construction of the engine, and such 
was the loss of steam in alternately heating and cooling 
the cylinder to provide a vacuum ; and Watt was led to 
think that he could make a much better engine. 

The faults and merits of the engine were alike laid 
open. There was one thing in his favour, he had the 
privilege of beginning where his predecessors had to 
all intents and purposes left off. The engine had 
already been invented and improved upon by others ; 
and now for the plans and improvements of the 
immortal Watt, whose name is known and revered 
throughout the civilised world. His energies were not 
directed to the employment of steam as a motive- 
power — his predecessors had done that — but they were 
concentrated upon its economical use ; and herein lay 
the wisdom of the great man. 

The generation of steam in a boiler was not the 
subject of any man's patent ; but its economical em- 
ployment was such, and it is so now. 

To economise heat was the aim of his noble ambition 
— the subject of his pursuit ; and there could be only 
one result bearing some proportion to his convictions 
and knowledge of the matter. 

It was undeniable that when a quantity of water was 
heated and cast off steam, and the steam was again 
reduced to water in order to produce a vacuum, the 
process involved an expenditure of heat. The fact was 
patent, but it required a reasoner and demonstrator to 



prove thtit tlie e, 
■"-T ana coolin. 



I-ATE^-T HEAT. 



»»muoh aa wo^5<i ho.J^, °'^'"' '"" "'™« or fo 



^o-Jl. wteri ixa the fo.™ of eW ■'""""'y 



li "««*lii"8: hidden r Witi ;■ ™"''°><=' 
"nd Witt brigrlit hopes, te be„t n° '1 "."^^^P" 

*otr„tHo„t of xt^ JVo woz,de,S;^'"'„'""5 

?;^uchhe„t to ooIcZ ^"ta.-.butno^LTJlL 
Hidden m the steam, /-»/«./,/ ^^^,^ n-iioli tad , 
noticed by hizn before, ajid „a» j,oj j„ i,„ ^^^^ 
Uie thermooioter. ^^pei-imentiag further, 1 
„lhe oonolusioii that „ pint of n-afer- cozx-rort 
steam would raise six jyiuta of water to its ofl 
(212") i but that, on tie other baad, a piat of i 
water (at 2i2°_) yrould not do ^tli part as 
Where was the beat, then, but bidden in tie c 
by wUch slenm at ^72° could ruisB tiro teiaparati 
a given weight of water six times mores **^^ *^^ ' 
■night of boiiZoy n-sfej- (Si^^^ ^raiUtl <3o f^^ ^iat"" 
of heat consumed ji -raporiaatioa ^"^^ i^^Uitioa 
piqiired toirio^ tte irafer to a -''"*o °* - ^ - 

i""" left o„( oy jia reokoniaS 



S'"*"^ it.s<!0»d of 



quantity of heat in the steam being J^^ ^'>^J^^ 

quantity was nearer 1,000°. His ^f^^o^erj. "^J 
in vain, for verily it was a brilliant <^^^^ to ^^"^ 
doctrine of latent heat was already P*^^ ^att ^a« 
taught hy Dr. Bkck, who discoveredit , ^^^ ^t; ^^»* 
not in search of latent heat— he stiimblea ^^ ^^4 t^^ 
he required he, however, found, and ^^^ under tu 
was, that before a vacuum could be *°"r -^Ix had con- 
piston all the heat, 1,000° or more, '^^^^ to ^ ®J' 
ferred elasticity on the steam would °^^^a. that tn 
tracted by cold water by the injection. 
whole would be wasted. . ^^s P°^T«^ 

TTith this valuable information now m ** a,tteixdi»e 
he searched further into the pb-enoffi©» aisco;^®^^ 
the conversion of water into steam, and ** ^jtel*^"^ ^ 
I defect which disposed him to malte ^^ .^e. 
;he engine that secured to him immortal * ^ ^^e i»3®®* 

"^Vhilst experimenting, he ohserved t*** ^AeO»® * 
ioix water thrown into the cyHnder to J^ g, -vapour 
ieam became hot, and therefore pro^^^ ?^®^^^® 
hich resisted somewhat the atniosplc».«V^tet«4 "^® 



>on the upper side of the piston. HI^ 3 ^^oii^*^^ 
[^'"der ^itbwood and reduced the ir^J^ tViee»g^® 
' *here remained steam or vapour to :*'^^o '"^ .yf 
a Projportionate part of the atmos^^*^^ a©^ a 
isure. He discussed with himself t3=»-^^© cj^^^'' 
>a<iexising the steam without cooling" ^Cted*"?®'' 

^a», iae knew, doing real work, enco"***^ a»i. ^f^ 



® solely out of love for the suhje*^*'*' ' Jms^ ^ T 
'*^^ l>ythe reflection of How well ^**fLti»? "" !J! 
"^**» lie pressed onwards ; and, meSL.^^^^ bt»» T 
'«^ :»-Ssue, he conceived in His giga«:»-'*^li l)"^ 
« ^ojzdenser and the ai^-^nmp^ w."*^ * 



cx>:ndb^^ 



,*;' 



thought sol^v^ed "fclio great proibi^ 
all wlio Ixctd g-oxio fcefore Htii 
vacuous sj>ao^ in. sl liot cylinder 
the world Tv^itlx the faxne of t1 
The sepeLTreitG ooxxdonsor was a | 
pump irt ooixj unction. i?iritli it 
These constitn^tod ±-vsro great 
previous practioo. Tlxe conde 
placed below *lxo o,--l^«^^er ; e 



expansible flixid, woixld, zmmec 
- -^ — - — ^-. ^^^-w also 



from tlie cylin<ier, Gxxi>er 
coittse fiU botli, est»blxslii°^ a 
But, if tlie coxxdonsez- was feep 

a tank of cold wator, «*^^ 
,., ., -. ^-f_ «^a>, con-denseo 



unta the whole was o^ 
TTatt did. Ixx tixne, ^^^.^^^ef 
of condensed steam, «"^ ^^ 

pump t- clear t^e -^^--^11. 
connected witH xc. steam 

of loss ^^ti^ST^^^^'^'^H^ iea* of 
separate vessel, an^t ^^iaiahe 

stroke after «*^^^^' ^ sBoTrs tl 
maintained. Fxate J ^ur-rmmr 
in the condexxser o a«d a ^ > ^ 

The exli8ust-s*eax« ^j Y > 
under side of tie pistazt, Jr ^^ ^^-j ^ 
exhaust or eduotioa p^P^ . 

of water is ready to ^^^^^^t j^', 
by which this kind f conden 

cold water, is instantly ^^^^^ 
bottom of the condenser; ^^^^ 
^fbesame manner, a vacua 
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^ater m the condenser and the tmder side €>£ ^ite piston, 

and the steam which is above the piston -fcliei^fore has 

no atmospheric pressure to overcome. If -fclxereTrere 

no vacuum, there woidd be 16 lbs. of atmospheric 

pressure per square inch opposed to the descent of the 

piston D, by which a proportionate part of the work 

of the steam would be lost in keeping the atmospheric 

air out of the cylinder. By the ordinary- methoi of 

injection, condensation is not effected u^ateLTLtaneomly 

but gradually, by reason that the quantity ^^ ^^*er 

necessary to condense the cylinder-ful of steam must 

occupy some time in passing through the injection-rose. 

Therefore there remains at first a counter-pressure 

against the piston, greatest at the commencement of 

the stroke, and gradually diminishing as the condensa- 

tion becomes more perfect. 

The term vacuum, as used by enginemen with 
reference to the condenser, is understood, as a compara- 
tive term, to signify the absence of pressure more or 
less below the atmospheric datum. We know .that the 
atmosphere will support a column of mercury 30 inches 
high. Now when an engineman states that he has 
20 inches of vacuum, he means that the excess ot the 
pressure of the atmosphere above the pressure in the 
condenser will support a column of mercury of 20 
inches vertical height ; or, in other words, he tells us 
that the pressure of the vapour in the condenser is 
equal to the difference between the indications o£ the 
barometer and the vacuum gauge. If the barometer 
stands at 30 inches = 15 lbs., and there is 20 incies 
vacuum = 10 lbs then the pressure of the vapour in 
the condenser is 15 lbs. less 10 lbs. = 5 lbs 

Air-pump, P.-The air-pump is fitted with valves. 






weHoralaBi.and^'ifenitat' 

««4e, Vut is mat; "^ , 1 
X''6top<''«ies,6 .1,, 
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DUii^P i® "^^^ ^^ Supply water for injection. The w-»*^t 
enteJ^^ *^® condenser, wticli stands in it, througli ^.:*ii 
flliji<5^ ^ ^- -^^^^ ^*y "fc^® found a lesson in liydrostatiii^A 
The p^^^®^^® ^^ ^**®^ ^s upwards as weU as downwards, 
otber^^n '?\^^^^ ^^^ ascend the sluice-pipe. 

r^\xe^^ *^^^*s press equaUy i^ all directions is seen in, 

va^i^^y ^* ^^®®^- I^ water is poured into one Umb of 
\ beti* ^^^® i* ^11 fi^<i its own level, enter the other 
litxib^ »^^ ^PP^^ ^* ^^ equal height in both limbs. So 
that, s^ l^^K ^» *^® cold-water pxunp supplies the 
cistern with water sufficiently deep to cover the con- 
denser, the injection is in constant action and con- 
denses the steam. 

Sot'tcell, R. — After the water has passed from the 
cistern through the injection-sluice and condensed the 
steam, it is pnmped, as already expla.ined, into the hot- 
well, together with the condensed stoam. The tempera- 
ture of the water is generally about 1 OO^ Fahr., and is 
governed by the regulation of the injection water. A 
higher temperature would injure india-rubber valves ; 
a lower temperature would cool down the cylinder too 
much, and cause a waste of fuel by re-heating it 

The water from the hot-well supplies the boilers. 
It is pumped by the plunger w. It is shown as being 
raised by the rod connecting it to the gudgeon w 2. 

The delivery- valve w 4 to the boilers is closed and 

held down by the pressure of the steam and water at 

its back. As the plunger is raised water is drawn into 

the pump and occupies the vacant space left in the 

suction-pipe v 1. When the plung'er is »* *^® *^P ^^ *^^ 

stroke the pump and the suction-niP® ®'^® charged. In 

making the return-stroke, the nl %^^ *^^^®® *^® ^^*®^ 

upwards through w 4, juq^ abo/^^ 3. through which 



and ^ 4: 

it; so that, 

cannot get 

in the directi 

yal^e ; and tli^ 

forces ike 

ihrongli tlxo 

ihe pump is 

conceive tb.a.'t 

livery-pipe 

engine re 

of the pump, 

plunger by -fclio 





It!^*^ the puxnj^ 
^^e pixmp to alio 

t> tjlio liot-weU. 

stroke effects i 
I>i-essixre of the r> 
of tlie suctioxxw^^ 
- 4 into the bo/ 
^.uax-g-ed at each ^^r 
a.xrLO"ULnt of watez» 7 
"^. "v%r 4 is at eacj 
"bjr a. volume eg^ 
^ *> -product of ^ 
af its stroke 



CHAPTER V. 

THE CORNISH PUMPING ENGINE— DESCRIPTION AND 

WORKING OF IT. 

The Cornisli pumping engine, Fig. 4, of the present day- 
retains many of the leading features of the original 
"Watt" engine; and, in fact, some of the earliest 
engines manufactured by the " great man " were used 
in Cornwall to pump water out of the mines, and to 
keep them free from the influx of water which con- 
stantly pours in from the "lodes," as the metal-bearing 
veins are called in Cornwall. Improvements were 
subsequently effected by local engineers — ^notably by 
Woolf, Hornblower, Trevithick, and Grose. The 
modem Cornish engine has been brought to such a 
degree of perfection that "Taylor's" engine at the 
United Mines, Cornwall, is stated to have lifted 
107,000,000 lbs. one foot high by the consumption of 
112 lbs. of coal. 

The chief peculiarity of the Cornish engine consists 
in the facility with which the number of strokes per 
minute may be regulated, varying from one stroke in 
ten minutes, to ten or even more strokes in one minute. 
This was a feature to which Watt drew particular 
attention in the description of his engine ; and it has 
never been lost sight of by mining engineers. The 
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speed cannot be bo effectually contr 

steam-engine as in the type noir unc 

The changes of speed are efiectet 




, — Cornieh I'uinpiiig Engine. 



ingenious piece of mechanism known as the 
an apparatus which is fixed in the " cock-pi 
floor of a Cornish pumping engine. It m 



74 STATIONARY ENGINE DRIVING. 

of the "box" or tlie "plunger*' type, tlie former 
being the cheapest in first costi and the latter the 
most sensitive in working. 

The plunger cataract is the type most commonly 
employed in modem Cornish engines. It consists of 
a cast-iron cistern, carrying within it a trunk-plunger 
and case, fitted with an inlet-valve and outlet-cock, 
both on the imder side of the plunger. 

The upper end of the trunk-rod is attached to a 
lever which is moved by the plug-rod of the engine, 
either in an upward or a downward direction, accord- 
ing as the steam-valve or the equilibrium-valve is 
worked by the cataract. 

It will suffice to explain the action of the "steam " 
cataract which controls the opening of the exhaust 
and the steam valves, as the action of the equilibrium 
or "outdoor*' cataract is precisely the same as that of 
the steam cataract reversed. When the piston rises 
from the bottom to the top of the cylinder, it lifts in 
the course of its ascent the lever of the cataract, and 
with it the plunger attached to it, causing the plunger 
to charge its case with water by means of the inlet- 
valve before mentioned ; when the stroke is completed, 
the case is of course filled with water which can only 
escape by means of the cock before mentioned. The 
outer end of the lever of the plxmger is prolonged up- 
wards towards the gearing of the engine, so as to 
release the steam and the exhaust catches in its upward 
movement. It follows that the period of release can 
be regulated with exactness by the adjustment of 
the outlet-cock, for it is evident that the more slowly 
the water makes its escape, the more slowly does the 
releasing* gear — or cataract-loop, as it is technically 
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termed — ^rise, and vice versd. The power of regulating 
and controlling the speed in the manner described is a 
point which is of the greatest importance in the case of 
an engine which has to drain a mine or a colliery. 

Starting the Engine. — In starting a Cornish engine 
to work for the first time, or after a long stoppage, the 
greatest caution should be observed with regard to the 
regulation of the injection- water admitted to the con- 
denser. 

As little water as possible should be admitted at 
first, for otherwise the engine will probably "flood" 
herself, or, in other words, get the condenser and the 
air-pump so ftdl of water that the pump will be un- 
able to clear itself ; or, if the water be actually cleared 
out, it will probably be done so suddenly that, unless 
the driver keeps a sharp eye on his engine, and shuts 
the exhaust-handle quickly, the engine will come too 
fast "indoor" and make havoc of his spring-beam, 
and possibly of his " girder." This casualty is by no 
means of infrequent occurrence in Cornish engines, 
owing to the breaking of the " main " rod which goes 
down the shaft or pit, and is connected to the various 
plungers and bucket-lifts in the mine shaft. But all 
evil consequences arising from this case may be averted 
by the use of the safety cataract, by means of which, 
in the event of the engine making her " indoor " stroke 
too rapidly, the equilibrium cataract is at once released, 
and the steam is admitted to the bottom of the cylinder, 
where it acts as a cushion to break the force of the 
sudden downward movement of the piston, which 
would otherwise arise from the release of the steam- 
loaded piston from its load in the shaft. 

Steam is usually worked in the Cornish engine with 



'6 STATIONARY ENGINE I>BIV1NG. 

, fiftlis (%) ^ ' 

1 cut-oflf of about one-third (i), or *^^' ^ele^entU 
dthougli it has been worked as high, as o ^^ ^^ ^^^ 
(iV), when the precaution previously ^®*®^^^ xio doubt 
observed as regards a safety cataract. There ^^^^^g stit 
that a high pressure of steam and an early ^ engi^^®' 
'he Cornish engine best, as they do ^^^^elOro^y 
Phis was the life-long practice of Captain Sax» ^^^^Q^ajf 
»^ho did much to improve the effectiveness,^^^^ . ^^^ 
nd general appearance of the Oornish f^^y known 
[though his type of engine is not exten&i^ ^^^^^ are 
' any but Cornish engineers and drivere, 
my specimens of his genius still at v^^ork. gine re- 

Let it be remembered that tlie Cornish ^^ ^^ is a 
ires delicate handling, for this reason, ^^ j^ieasure 
i-rotative engine, and there is no crank ^ ^itjg the 
' }^^ length of the stroke, and that, in ® ^^ich the 
'P^^> on the skill and dexterity vritb- ^e^ "^ 
ineman manages his top and hottonci ^^^^^^gs the 
Qiid the life of the engine. ^hove all ^^ ^^t "^^ 
Jie siould be handled with, confidence ^^^ 
^^y- ^.r that 

^he engine-driver, it may l>e said, t&s:^^V^ 



'^ as you have the handle in your h,^^^^ -^e^&t^^ 

aster- of the engine ; yon can stop ^*^^5y *^ *^ 
lovo laer one inch or ten inclies as ^^^ 3^t)eTatio^ 

or ^. t .- ^ ., ^^ ^y ^et 



locomotive can perform tlie sa:^^^"^^ ^ ot g^ 
"^ ^*^^<^hine; but if yon lose yonr ^S^^^-ViW ^^^ 



t i 



^t the gigantic inrnsh. of tlie ^^^'^^Ixe i^®* 
^Miction, yon had better give \ij^ -- jteaij*^^ 
^— ^Ornish ensrine. Tt ^^^.t^^^^^^^ « ^^<^^^>^ 




engine. It reqnires a cc^ 

-eh engi^^ 
a few rules for working' a CorT^^^^ 
remembering :^ 



cz:o«.isfisn: engine. 



i- ^KIeei> -fcl:x« oa-tax-aot -wgM supplied with ^^' 

2. Soo -fclxat -fclixe e:2c:lx£LTxst and the equilihriut'^ 

aro soiu.xx<i forcings, free from flaws. Tl 
ing* of ei-fclxer of tliese may wreck an en] 

3. Bo sa.'ti.sfi.^d ±ihLGLfi cylinder and nozzle-lajr 
^^v'oll Xixxed -viritlx sawdust, or other non 

3x-ial ; and that, if the cylin 

s-toaxrL-i>ipe to, and the drain-^ 

^ ^^i-king^ f*reely. 

4. IPTovor ins-fci-fcTxto experiments with your 

tlxo aixxuse^moixt; of visitors. The enj 

rog-ixlar ain-ourtt; of work to do, and th 

iixtox-ffex-o -w^itli or interrupt that regi 

l>ot>iieMr *lie^ x-osiilt;. Stop, and start, a 

ail kxixcis of &jpGGd, and you will eaix 

to axx xxxdofixLito extent. 

5. '^^tLGH- j3*oi>x^ixigr an engine alwsiya s< 
Iraixcilos -w^itlx *ii« ciain or tiie rods 
and six XX* *lio g-ovGrnor- valve. 

6. Keep y<=>"^ GXXg'inG clean, and. keep ^ 
arrang-^^ oxx a system. JDiaplsLy as t 
iri tlxo Ix^ngr^ng- up of tools as^ possi 
nxonog-x-amflf / da something- lyes^^Gs^ 
of wliat you, are expected, to do. 
any branci of iiTe impUes vol^Txt^.^: 



CHAPTER VI. 

THB HORIZONTAL ENGINE— SEMLPORTABLE ENGINE. 

The horizontal engine selected for detailed illnfltration 
in Plate II. and Fig. 5, is Robey's patent, one of a 
numerous class specially designed for stationary pur- 
poses, such as winding. It is also selected for the 
opportunity of referring to the system of firing in fire- 
boxes of the class here illustrated, a is the chimney, 
B smoke-box, c barrel of boiler, d fire-box shell, 
E safety-valve, f steam-pressure gauge, g water-gauge, 
H fire-hole door, k boiler tubes, l foundation-plate, 
M fly-wheel, n connecting-rod, o crank-shaft, p ex- 
centric-rod, Q piston-rod, b cross-head, s slide-bar, 
T cylinder-cover, u governor, v feed-pump, w clack- 
box, x stop-cock for pump, y regulator-handle, 1 steam- 
chest, 2 valve-spindle, 3 valve-spindle guide, 4 holding- 
down bolts, 5 big end of connecting-rod, 6 main bearing 
of crank -shaft, 7 excentric- strap, 8 spark-arrester, 
9 chimney-cap. 

The boiler is of the locomotive type, containing flue- 
tubes and fire-box. The tubes are made of brass ; the 
ends are expanded and made fast by a tube-expander, 
and ferrules are afterwards driven in at the fire-box 
end. The fire-box is, according to usual practice, made 
of copper ; and is put together with iron rivets. It is 
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rig. S, — Semi-portable Eogine. 
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fastened to the outer shell by means of a wrought-iron 
ring or bar, at the bottom, and another at the fire- 
hole. 

These rings — ^the former of which is known as the 
foundation-ring, and the latter the fire-hole ring — are 
of the very best iron, and are carefully fitted between 
the fire-box and the shell, so that after these are riveted 
together they may be steamtight. 

The sides or walls of the fire-box are further secured 
to the shell by copper stay-bolts. The top or crown 
of the box is specially strengthened, to prevent its 
collapsing under the pressure of the steam. The 
liability of the top of the box to collapse is increased 
by the boiler running short of water, when the copper- 
plate becomes much weakened. 

The sides and top of the smoke-box are generally in 
one plate, and are secured to the boiler by means of a 
flanged tube-plate, which is secured to the barrel of 
the boiler by means of a solid angle-iron ring. The 
whole are of iron, and they are united with iron 
rivets. 

The boiler-mountings include the various screw- 
plugs for letting out water, and for washing out ; the 
whistle, gauge, standards, clack-boxes, valves, and 
safety-valves. 

The cylinders are formed of cast-iron, bored out, and 
made perfectly cylindrical. They are bolted to the 
frame-plate by turned bolts passing through carefully- 
drilled holes, and the bolts are made to fit the holes 
with the utmost degree of exactness. The centre lines 
of the cylinders after they have been bolted together 
are parallel to each other. The slide-bars are parallel 
with the cylinders, and the crank-axle is exactly at 



SE3VIX-I>ORTABI.E EXGll 

right angles to *!.« ii^« ^^ ,^^ ,^. 



The crank-asJe is of iron, and tli 



out at nght axxg-los -fco oaoH other 
end 18 on oxie doad-o^ixtro, tlxe oth< 
pressure of steam. Tlxo «lxaft is fit 
tnc-sheaves, by t^^o of^ wliicli the 
tore-gear, and l>jr t^^o in x-eversed 
of these sheavos is due to tlie mo 
and piston, w^lion oixo l>ig--erxci is on 
exceutric is fixed at; aI>oixt rig-li 
advance. 

When the crank is x^la^oed on one 
a line is drawTi tlii'oti.g'li. "fclie centre 
circle is described oxi. tlie centx-e ai 
diameter to the tra^irol of tbe slide- v 
of the centre of tbe cirole, in a dirGC 
crank-arm, a distance is xna^rked o£E 
of the lap and tbe lead ^ and a pGirpe 
to the centre line of* tlie Trob ixtten 
above and beloTir tbe cGxitx-G line. 1 
intersection sboTir Tf^bez-e ^be cGrtti-G 
must fall, for ibi-Tf^ax-d and A>jr j-eTrejrae< 
centric-rods are coxua^at^d to tlto lin 
zontal motion of the link ia coznmviiiic 
action of the excentrica. A^t tlxo aentr 
horizontal jnotion is equal to t^w^^^ ^^^ j 
of the excentrics, and it iTtaT-oaaea to 
of the linJt. The movement o^ *^^ ^ 
through tie hlock or die ia tb^ H^ ^ 
Fiici receives themaxiznu^^ *xave// wJ 
mentric-roda occupies a poBiti<^^ ^ ^ 
is Y^mhle with the y^al^^'^P^^ ' 



o 
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g„^ r^^^^^yj..^a vj. leaa ana lap nave been aesci*" 

elgewhere in tliis book * The action of the blast beiJ"- 
discharged into the chimney has the effect of indid*^^ 
the air to leave the smoke-box and chimney with ^\ 
exhaust-steam, and thus creating a partial vacuumiti*'* 
tubes from whence the air rushes to fill the smoke-T^^^ 
and chimney again, whilst the air in the fire-box r»%t^ 
mto the tubes, and the air in the ash-pit rusbe^ ^^^ «^ 
the fare. This process, if rapidly kept up, pr^** .^. 
constant wid powerful draft of air continually m6B^| 
through the fire, and the coals then receive ^ „^{C ' J 
quantity of it i^^ combustion to keep up the ^^^00 
steam. ^ ^ ®«pplyaf 

Jitanagmeni of the Sngine.-Eow is this en jrfn^ ^ ^ 

wrh^:fetJ,r-^, ^ is very natural ^^^„1« 

they hiar sl^'.«^ 1 ^''^''^' *° """^"^^ *^*°» ^ien 
which iLtr^^^ knocking, or smell something 
fire wh ° 1; ^^& "warm, or to question the state of the 
methorf ^/* *** ^*®*°^ ' ^^*' as to having any decided 
and year » "^®^*' «^«l adhering to it day after day, 
rules it ^^^ y^ar, because it is based upon sound 
of sim ]* °'^* °^ *^® question. By the non-observance 
engijj ^ ® ™le8, every failure is set down to the 

comnin*T,<i*^^ *^°^® simple rules which lead up to and 

work th ™^ *^ engine and boiler are set to 

therefore th'^ *<*ted upon by destroying forces, and, 
^ ^deviati^'^^ should be on the part of the attendant 
^oUo^ed un A *^°^^ction that these must be lialyvtiiaUy 
""P' detected, attacked, and eflFecti>»^^-y Fe- 



See page 5B« 



wonted froa, ^^^ ^ «^ginb. 

the xnachine int.-^' Sradixaii^ 

different forZ^l «>'««« , 

and tie o^;^;;««i ia^i,' f «»««* t 

at tie same faVne^f" °*V is !*^«°» i« to 

defect fear andS?1^«eattt^°^ «<V 

to defect the proi * *^« oro,^' '''" ^««o tZ' 

ciaracfer a«d ^S^ S* ^^a^'^ *i : 

tie greater e^a T ^« W' ""^ in , 

detect. ^' *«ar, i, j^'eseoce of *fc? ' 

Before tie ez,gi,^ . ^'"^y not^ ; 

it should be e^rf.^ ^« a«o^ed . 

and knack iea^^^f B^^d, o^^* «^, , 
and before they ^^^^^ t/;.i!^ '^^ beat!?'' i 

irien not ciote^ ^ *i«y are kJ^Jf ^«eiuifl. 
presence of gJuti,^*^ tallo^^J^^^orC^ 

the fire is withd^^«« ««* // «°d, iUrtC^.' ' 
is advisable fo >^ .' azid. W**« ^^Pio^in 

aUow time for S°'*^ « HtHe^''^^ *iey »" '^'P* ' 

This preca«4*^;tK..«,t^^^ : 

should, no^ ,^^<*^bar ^.^^^^ «»8taQee« J' i 
very few boxes al «»en, i,^ cuttia V^^ ! 
ofdustanddi^^««o^4e^«aZ^^,^^e , 

rubber and r^'^^d besfj^ *° "*«i«dere1i ^ ' 
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The big-ends reqtiire plug-trimmings, made ^^^ 
copper- wire and worsted. The wire is first douW ^^^ 
and then plaited in the middle several times ; the ^ ^^ 
at one end requires to be cut and the ends opened ^ , ^ 
The worsted is then wound over and over tuatil ^^^ 
plug can fit the syphon-pipe easily, not too tightly ^^^^ 
too slack. One end of the wire is then turned ^ ^^^ 
to embrace the worsted, and the other out^^ \p 
80 as to fall over the top of the syphon-pipe, ^f" \^® 
suspend the plug in it, which should not to>xC^ 
journal ; and at the top it should form a sma^X t^S^Ts 
voir for oil in the pipe by being adjusted ^^ .1 
pipe about three-eighths or half-inch. Svich"^ • 
mings can be placed in all swinging motions. ^^' 

The excentrics should be always kept in good order 
so as to prevent the lead of the valve from being 
altered. It is a good plan for a young eng-ixteman to 
notice their position in relation to the cranks, so that if 
one happened to shift by the slackening of a set-pin or 
* ^^ ^^ ^^^^^ s^t it back into its right position. 

^^en the engine is put into middle gear, the links 
can be thoroughly inspected, and great care is required 
to see that the split-pins in the fork-ends of the excen- 
bedd^'''^^ connecting them to the link are aU well 

fai^^-f !^^' ''^^^i^o special supervision to keep them 

lair With the rcA^ , ^. . \\.^^ -P^^tv, u yAc\y 



moUt 1 i5* ^^ engine-house as lealdixg f^_ 
moist steam blo^ ^ e ^^^ and destroying 

t^e trimming bv J! 7- • ! When ot^e ^^^^f 
*!»« engine is doL^,?^? i* ^t'.xI^^xT ^'^^- 
' ^ ^Ven more, for soxn® people a^> 



Iw^""^^ ^^^^ because oixe aide Ib xig\i 

Tlie smoke-tox axxd tKe aslx-paxx xeqx i 
out thorouglily every day. 

Should tlie engixxexixaxx require to tes 
pistons, both, little-ends raixst staxxd opi 
and as near tlie f roixt exid of tlte slide 
wlien one crant ^wrill be above tbe slia 
it. If steam is put oxl sligbtly, tliat ^ 
hand piston ; and if tlie engine is r< 
test the rigbt-barLd piston. If tlie emg: 
gear, that i?vill test tlie valves. 

Further information on testing* and 
given in ** Hiocomotive Engine-driving, 
good thing to have made an efB^cieiit e. 
to have ascertained that the GUgine j 
working order. Bixt this is only a port 
required to insure success. There must I 
Secondly. A. thorough knowledge 7, 
coals with the least quantity of amoke, b , 
the largest quantitjr a f heat from tbem. 
knowledge, no man can become a Brat^rai ' 
A ^kUfxil man seldom fails to seize tbia impo 
of good management. Now, it ia a fact t] ' 
of boilers ha^ring square Sre^^oxea, such s. i 

ordinary portable thra^i/^ -^ ^* 

the skill which, is neoessQfy ^ • ° j 

maintain, ths steam re^^^ j '^ '"f^^ 6^ ; 

the enginemen were i^ ., v • ^rJieQ ^ r^ 
tbeRre-hos: without q^^ ^ ^^^^^ of ^J^^ ^^ I 

there was a right or ^ ^ ^^gard or ^Oj i 'V 

♦ ''Locomotive EngiuQ >. i ^5/ to n, , ^( 

Uckwood & Co. *^^^, *^9L^ 

"lip.'; •- ^C7 ' 
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same indifference prevailed wliem coal wcfcs "s^- '^'T 
regard to the form of a fire, wliat alterations were made 
were confined to the shape of the fire-box, and not so 
mucli to tte shape of tlie fire. But coal-bumi^S ™^" 
boxes at last returned nearly to the shape ot the 
coke-burning boxes, and attention was given to the 
shape of the fire ; the fire was made sloping, fo^ ^ *^® 
sloping boxes most of tte fires were level, »^, ^® 
boilers would not supply sufficient steam, for tb© en^P"^® 
reason, that coal can only be burned economically ^5*^ 
a current of air is constantly rushing through i**, 
effect that object, we must have regard to two thing*, 
namely, the shape of the fire, and the depth <>£ the 
fire. 

When the fire is hay-cock shape — ^highest io *^® 

centre— which maybe found in thousands of instances, 

the necessary amount of air to carry on the process ot 

colft^^^*^®^ ^^ obtained up the sides of the fire-box, »»^ 

tb© ga^* *^®5® ^^^ ^^^^ portion of oxyeen, and the 

body o* *^® *^®^ " starv-ed. The result is that when 

r: e ^^ ato^^ the sides is consumed, a passage ^^^^ "^ 

y ^ade for it to enter the box and tubes without givmg 

x> 6nffi<5ient oxygen to maintain steam The fire-irons 

S^ then ^t to work to stop the leakage of ai^^f ^ 

fj^ete the fuel. There is another evil ; when the fire- 

V^ draws ^np the sides, the cold air comes hi ^^^ 

^f^tact^itii the walls of the box, causing interntuttT* 

'^Z^^'^l^i ''^^^^tion. both in the W and hi tj« 

^^ ^^ >^P^ found close against the plated- Vf 
^^0 ^^ "^* "*®^ ^^^ others will \,«t - »** "" 

^^^sandsofinstancesithasbeenfLlftotat- «T 
^^^' *^- ^^ °*^«- It consumes its o^ ^'^'' 



SOE^MTX- JPOIlTAB:t.i^ 



«^nd i-fc is ±1=L^ oixly T^ajr to ol>t • 

the ooEtl 5 axxd, fixx-tlier, wi^^ t^^ ^2 



keei>s -fcli^ fi^x-o-Tt>o:x: coId-ai> ^.^^ o^ ^^ 
the loooxrxo-fci^v^^ sox*vfce tj^^^^^. j^ 







Tlxe fix-o siLOuId bo x-eneTre^ 
to irecei^iro -fclxeix- oquzva/ezjeo^^^ooi^ 




jpox-:foot combusti ^^^^^^'®« 
no 6irio]k:e is -^risible, and ^j ^ ^« ta 

leave tlio T^^alvefir- -^JT ^P^^iij^^^ *^© 
is slig-litljr oiieolced^ and is pj,^ ^^^ & 

Tie ciej>t2x ojT tlie :fix-e shouj^ ^^^t^d 
ixpoix tlie jpistiyja, ox% in o^Aer ^^ ^®«ru 
deeper tliaxL Ti^Jbat; admits of t}^^^^> tb 
by the blast ox- e^ihauisr* steaj^ ^\r^^ 
ra fuel dej^exicls xipoxi the amount ^ 
got tlxx-avLghi tliG Gre. If t^^ ^^^ ^^ 
blast, the sla^T ^^^ refuse in the cast] 
&TG-bar8 ; but, provided the £re is o/ 
and a Strang- current of air is i:er>/ 
through it, the axygen, by coming- i 
refuse, will split it up into atoms, an 
tubes and BnnokG'bax. Jiy &ring s 
this may be done all the day throus- 
the Sre-bars JvUl be found quite 
clinker. The fact of £ring round t 
^^% deposit the dirt, 4&c., in th 
^"feirfe, which vfdll assist in compejj 
l^^^Sh the centre. Sy doing sq^ , 
^^^d spreads around, as water ^ ' 



88 STATIONARY ENGINE DRIVING. v. 

a water-can, and enters the tubes at a very ^^ 
temperature, aBsiating them to maintain an even ^ 
sure in the boiler. «, 

When a large quantity of green coal is charge* ^^ 
a fire-box, it gives oflf vapours and tarry matters ^^ ^ 
adhere to the tubes, and then they become coateA^ "J^^ 
what IS commonly caUed soot, which is uncoo^T^ 
coal deposited there in minute particles. A ro^ co^ 
SIX small shovelfuls of coal, one in each cori>^*' ; P|,| 
mencmg at the left front comer, with one at '^^ ^1 
ot the tube-plate, and one under the dooT ftUftnld \ 
quite sufficient in all cases. The best of tK ^^^^M 
faU to the centre, and a cone-like columii^^''^«^« '^, 
nse from there and strike the crown of the W ^® V 
up much of its heat to the water before exiS ^^ 

Much wastefld and unscientific firing is causM i. ! 

there w-ru5"i "^^ adopting the plan herein advocate* 
of t ^^^ ^'^^^ ^®®^' ^^^ smoke, regxilar SMpi 

hea tb^°^* ^'^^^ cleaning, less ashes, and a clea 

all th^ 7' -J^^ ^ngineman may follow out +o the letlti 
point* f^-^'^^ recommended; hut there ^& one xnj« 
and that^™^°v*^^*'®' yf^vAs. should be meL. loned hwc jf 
regular ^^' ^^Pply of water to the boiler must be', 

allowed to L^^ ^®P* ** 01^® ^^^^ ™ *^® glass, never 
*8 possihle t '^ *^® cylinders, hut used freely as often ' 
steam "**^® *te hoiler clean, and yield pure ' 
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CHAPTER VII. 

COMPOUND ENGIKES. 



GrBAT as was the degree to which the steam-engine 
had been brought by the fertile brain of James 
W-att, there was left ample scope for the exercise of 

tal^'^*'. ^r^I^'T' .'''^ invention ; there was still a 
^de fif 1^ «jd *t;^dant material for the exercise of 

^bo ^'^^^J rl T^ " «*^g« ^ ^vance of al 
otters, ^»« ^^'^ fan Homblower, a Cornish engineer 

of -^.^b Ld W^r' ' ^"^^^-P^-T of Trevithick, 
^l^itbout do^t Elihu Burritt was right when he 
wrote, . IJ ^^^*^ communities the collision of mind 
^tb xxxind contributes fortuitous scintiUations of in- 
telHgeiic^ *^ J.^^"^ general enUghtenment." The intro- 
duction <** ;^*; 8 engines into Cornwall, together with 
the V^^^Zl„ ^'^ ^^^e assistants amongst Cornish 
tbiBfcitxg /^^?' gave origin to scintillations of brilliant 
ideas. ^'^^ '"^^a ^aich emanated from Homblower 's 
brain ^^ *7^ compound engine, in which he employed 
the steata, atter it had done its duty in one cylinder, to 
^orlc *^^ P'';^^ ]^ another cyUnder. "I use two 
steattt vesjis, said Homblower, "in which steam is 
^ act, ana which m other steam-engines are caUed 
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cyUnders I employ the steam, after it has acted in <^f 
first vessel, to operate a second time in the other ve*"^'' 
by permitting it to expand itself, which I do by c"^" 
nectmg the vessels together and forming proper ct»'^' 
nels and apertures whereby the steam shaUoccasiotia^ 
go m and out of the said vessels." 

Many were the hopes of the inventor regarding.f J^ 
en^ne and its superiority in economy of fuS over ^^J^ 
predecessors, but he said too much in his speci^^^^^ef 
After he had given an explanation why he ^^^, ^ 

-X^r:S'r/:,-^* on to "d..^^V)e I 
Wo«^ J oeam, and other connections, -fcv 

s^V ""^^^^ *«> W«^t*'« arrangements ^Ve«e^' 
SS^r^ "^?^^ into the real merits of tHe ^ *? » 
trnfortunately fo^ Homblower, it was decid^ .If «^«- 

th^XTor?^ *^. '^ ^'"^ *"°' ^^- i--«^of I'S 

direction t^""^*^^ *^® P"^^** attention in another 
cepting a little\-*''^'°® P''*'^^^ to be aU TTatt's ex- 

^®vep Lctu^U ^^ ^^ ^^^ *^^ cylinders, however, was 
'forked f^ abandoned. Its details liave been 
engines h ^ *^ ®^^^ ^^ advantage that compound 
^* is ixece ^^^ ^^^1^ to recommend them, and therefore 
^7 ^ngijxT^^^ *^^* *^® principle should be understood 

J^iere were 
®^&iiie8, arisi ^^®* ^^^^ o^J®^^^^^® *^ compound 

sti-uction with^^ *^^^ *^® complication of tlxeir con- 
^^audoned fop ^i^^^^o^s joints. Such plans T^a-^e been 
^ ^l^e fact of ?^^Pl^r arrangements, 
^^^blower^s ;?^"P^essure steam being in ^^^r^x^ 

*^^e considerably annulled *J^^ ^^^^- 
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tages wHoh were sought for; modem practice has 
secured for the compound engine considerable advan- 
tage over that of the past by the employment of a 
jiigber pressure of steam. Many varieties of design 
exis*» }>^^ tlio mechanical action of the steam is the 
same in all. It is begun in one cylinder and ended in 
the other. 

rpiie steam at a high pressure (from 60 to 80 lbs,), 

first enters the smaller cylinder, and follows the piston 

uatxl it has moved through a certain portion of the 

stroke, when the valve cuts the steam off. The re- 

j^^^£iider of the stroke is performed by the expansion of 

the ateanx shut up in the cylinder, as in an ordinary 

flingle-«y™ engine. When the steam has done ite 

^ork, *^* ^ to f y. when it has pushed the piston to 

nearly the end of the cylinder, instead of being released 

into the air or the condenser, it is released into the 

second, cylinder where it acts upon the piston just as 

it did on the piston m the other cylinder, but at alower 

pressure. Jlavmg done an equal or proportionate 

anioU»* ^\^^''^l''J'^^ second and larger cylinder, it 

i3 tlie^f^.f ^a'wted into the condenser. Sometimes 

the cyl"i^e" are placed by the side of each other, and 

some*""*' o'^e above the other, the smaUer on the top 

«* *'^^y!^S' , '^ '^^^ **°® piston-rod continued 
through "wtn cylinders and pistons, one conneotinff-rod 
and one crank. » 

^by do we use cylinders of different dimensions? 

If the cylmders were both of the same diameter and 

gtrolce tnere would be no useful result. How is that ? 

If they were of the same capacity when the steam was 

releasea, it would act by back pressure on one piston 

as jnnc as by positive pressure on the other piston 
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and the process would be simply a transference ^t 
steam from one cylinder to the other. Suppose i^ 
steam of 50 lbs. pressure is ready to be released fro'^^^ 
24-mcb cylinder, and tbat it is allowed to enter ano*^/fL 
cylinder 24 inches diameter. The area of each oi *^* 
pistons IS 452-4. and 452-4 mnltipKed by 50 = 22,6^ *; 
pounds total pressure, and the steam would oppose 3*,^ 
as much as it would force. Now, if the same stea-t^ ^ 
released into a second cylinder having a pistoti »* Ajtlv 
904-8 inches, which is twice the area of the smaJlet ©1 \ , 

does on^'^e sS?ir T""?* ^TT ^'^"'^^^ ^"^^^ 1^ 
II uue smaller piston. As a rule, the pror^_ ,• , 

tween the areas of the two pistons is not doxxfcj^*^ ^' 
the proportion of 1 f n d . La .v ;. ;. ^:^^.^-^^' but i 



1^- 

in 

this 



the proportion of 1 f.I a^ • • • r'"'^' b« 
^;ffir.^ « ^* i to 4 ; and it is m virtxie ^^ 

difference of areas that the useful work do^^ f 
panding steam in a compound engine is pjj "^- 
cvS '?''^S. the rat^ of the areas o/Sf",^' 
cal^txb " ri ^^^'^^^^ly fixed, nor is the steam VS 
tl^e larger o'r!! '^'^'* ^'°"' *^^ '""^"^^ cylinder into 
the sole con '^^^^^ ^^ *^® ^^^^ *^^ ^°^^ ^^ expansion 
There is a ^?^ ****^<''^ ^^ 'ising a compound engine. 

at the same t' *" '*^'^^*'* — ^ ®^^^* steady motion, and 

sion with +V^?^^ *° carry out the principle of expan- 

^Pon th •^'^ possible amount of injurious effect 

pressure In^r^^®^^' ^^ reducing the extremes of 

extreme de .^^y^iiiders. In expanding steam to an 

»''® producS^*^ i^ °°® ^^^S^ cylinder, a variety of evils 

of two cylind *^^ ^^^ obviated by the employment 

succession wb'T^' i» ^Mch the steam is expaTided in 

®^ert at the o *^® steam would m the single cylinder 

probably BnfR!^'*^®°cement of tl^« ^^^"^^ ^ pxeasure 

-«* ^t the en?!?* ^ ^o twice the work reci^i^^o^ ^t. 

'^^ <>f the stroke a pressure prob^^^y <»% 
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Fig. 6. — Componnii Horizontal Enginf 
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half. Such irregular motion may be produced ^^ 
nught not only overstrain the engine, but the variati^^ 
of the temperature of the steam in the cylinder ^^^Z. 
take place also in the temperature of the metal of t^ % 
cyhnder and would react with an injurious effe°;^ 
sufficiently to make expansive working an expei^^'^ 
workmg. It may be added that the larger cylindei^ <>*= 
a compound engine exhausts into the condenser. , ^^ 
T7,V ft .T"^''""*^ compound engine iUu8tr»*ef- gtJV* 
!w T'"^^*' ^ ^^^^ '^^ «^8^« ^°^ extenaive\-^ ®|: 
WW '« ^^ *°' *«^*il« manufacture. :ao\\). % 
S B^e T ."^^^^^ ^' ^d *^« low-press^^^ ,/ 
ohlS T ^*^ ^*^ double-shde chests, c, c^^ ^'y^' 

w5 \v^*^^«« of access to the valves, aSd ^^ 

fvT^P o«^ ^"^s. ihe slide-valves are of tlie IVTo,, 

trolled bv All » high-pressure cyhnder is con- 

cylinder is fit^^ ^ expansion-gear ; the low-pressure 
exhaust from t? ^^^ adjustable expansion gear. The 
pressure cvli A ^^S^^'P^essure cylinder to the low- 
P'Pes; andth* *^®^ ^'^ through two separate 

140°, 'amj ., ® cranks being separated by an. angle of 
receiVe steam ^ ^^''^-pressure cylinder being ready to 
pressure cvlind *^^ "^^tent of its relief from the h.igh- 
intermediate ^^*- *^®^® is no necessity for a special 
tte crank-shaft '^^^^^^^ ^ ^""^^ ^'™*' ^' ^® ^^^ en 
''y a leather belf' ^^^ ^^'^^ *^® ^^^^ ^ tatenoff 
"'^'^^es and 40 • ^^® cylinders are respectively 21 
^ *®«t, niakinff «-'*''^^« "^ diameter, and the stxoVe is 

® ^*^ty revolutions per mmute. 



CHAPTER Vni. 

COENISH AND LANCASHIRE BOILERS. 

fjijiE system of employing steam became more generallv 
recognised as the practical difficulties of obtaining a 
sufficient supply were graduaUy removed. There was 
no aoubt about the economy resulting from the employ- 
ment of steam, and no attempt was made to replace 
steam ^%\f"« °^°7'- The difficulties lay with the 
boiler- -^^^ cry was for more steam! New "and larger 

^^ TtheTf ^ 1?^, '^' ^''"^- The materials of 
^^^'^t «L^ „r 1^''' """"^ "^"^ «^iWted unmis- 

'«P^*?t Si ^^ *'."'^'' ^" *^« construction of boUers. 
Still *^®^™8 engineers were daUy making out plans 

for 1*5^!,, J"^f ^* Wer buckets with which the 
^ati«***'^®' ''f engines could not interfere ; he had to 
fiud tl^® P**^®' to ^ork them. 

5,bere wa« a distinct relation between the engineer of 
a ini^'^f "7^^ ^^d the maker of steam-engines, and to 

*^^* ^H^T ^^^ """"^^ °^ *^^« improvements which 
atteodea tne use of steam in its infancy. The mining 

engri»e®'^J\ad no connection at all with the engine 
factory, ana the engine-maker on no account undertook 
to make a drawmg of pumps, lifts, &c., to drain mines. 



96 STATIONARY ENGINE DRIVING. 

AU he engaged to do was to supply steam and machin^'^ 
to help to clear a drowned-out pit. f 

The mining engineer was unharassed by the cares ^* 
the factory, so he could devote the whole of his energy 
to designing pumps. The engine-maker was unhat»8S^ «■ 
by the mines, so he could give the whole of his »*^®^J 
tion to the workshop and the improvement of *^ 
steam-engine. This was imperatively necessary. ^^ 
account of improved mining constructions. T^^^^e**^^ 
mony and the distinction of interests led to » ^ . . 
boder from the hands of the maker, who migVi\. X^ k 
well have shut up his shop as have closed :h\^ . 

the fact that, engineering skiU was requirea J ^^^^ 

desLd end'; W Z'^'""'" ""' Z^ *" ^-'^ *S 
•JJ1 . ' ^^ ^ow to commence the ma-tter ^ 

r,^° *?. -^y- A fear to deTiate from a C ° 

frntn +1. . ^ means to conduct experiments fre^ 

tr^rirr.? ^'^-^S, tended to keep from view 
But f , ®^^®^atum, wliich was a superior boiler, 
masf ^ ^- ^^^ period, men looked in another direction • 

was devoti r^"" *° '^'' ^^' ^'^^* '"^^ *^^ ^^** 
the St . "Japroving the engine and econom.i8ing 

the T) ^"^ ' ^* *^® '**™® tioi® ^® ^** ^®°* °^ keeping 
kind of th"^ ^own. Homblower went at the same 

faster thaiTh ' ^^* ^***' ^^^^ *^® ^'^^^^ ^^^ ^^^^ 
straight int \-^^ others could keep pace with, looked 
*o save steam "K ^ ^a*ter, and after doing aU he could 
aU his or^y.t^^ improviuj? the engine, in a-dvance of 
^^^r, wS^?'*'^'^««' he invented the miU-^aggon 
°tW rS 11^^ ^«^ a time took precede^«« «*aU 
^^ ^»-OVe many of thefli into obUv*^"- ^^> 
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jio^ever, had a deal of trouble mth it, owing to the 
pressure of steam being equal in aU directions ; and he 
^ust have known that the form of his invention was 
j,ot the best to withstand centrifogal pressure; still he 
j,eld to It and passed it through various modifications 
^£ form in order to strengthen it and make it a safe 
and rapid generator of steam. For a time, it was as 
illustrious as its mventor. All this time the minina- 
engrineers were passing through a labyrinth of com- 
plexities, and Cornwall was their locaUty 

Tie Oonush engineers turned their attention to the 
use of Bigb-Pressure steam mrtm low-pressure steam 

cheaply than the " waggon " boiler could supply them. 
So tbey tad to scheme an entirely different boiler and 
^ better one than Watf s, which, by the way!C W 

^^^^' ;ll .f .1.^^^'*^*^^' a'^ eminent Cornish 
^n^eer, mvented the boUer illustrated by FigsTs 

9. --^ IXS^^l^l^^.^' '^ introduS;';!: 

^*»^ 1880 .2^^ ^^^^^' i* « better known 

^^^""Zt^^C • ' *""' ""^ ^^«^ ^^ invented, 
t^«^^w fi^ bin ? '"'"' '^'^ ^ *^« l^orizontal ex- 
t^'^^/iS^b.S?''' ^^"^ "^ *^« «»g-«^d boiler. But 

S*«^^ ^th^wl . '^ ^T^ underneath to the front 
^tere f ^^r^/e divided, and along the sides to the 

«^"r!^ in 1 ' *^'' ^*« '^^^^^ fr«°^ being first 

^"""^^^ th«7 ^T." ""^^ *^^ brought for the first 
tiBCxe tf^to tbe central flue and within the boUer itself 
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inBtead of being external and ui 




Fig. 8.— Cornish Boiler : Front Tiew. t 



Fig. 9. — Coinigh Boiler ; Cioea Section. Scal< 
predecessors. How would it act P— that w 
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tion; and would the heat so damage the tube as to 
endanger the boUer P Experienced men were quick 
to question how it would stand the test of working. 
They were not surprised to find a more perfect com- 
bustion of fuel, and the heat more effectually appKed. 
This result was found by observing the temperature of 
the gases after they had traversed the tubes and were 
about entering the chimney. In previous boilers the 
furnace was surrounded with brick-work which took 
up the first heat, and this penetrating into the mass 
of the outer walls, radiated away into the engine- 
house. 

In the Cornish boiler, the best of the heat is usefully 
applied on the heating surface, and the remainder 
only is extracted by the masonry, so that the process 
of absorption was reversed. The results were highly 
favourable to economical working, and it very soon 
became popular. Many contended that, to obtain the 
greatest effect, the heat should be applied to the bottom 
of the boiler ; others contended that a convex heating 
surface was superior to a concave one. But experience 
proved, when the heating medium was inside a boiler, 
and applied to a concave crown, it was a far superior 
steam generator to any that had gone before it. A 
concave heating surface is superior to either a flat or a 
convex one. 

Bury's round locomotive fire-boxes would make any 
amount of steam, and herein their strength lay. The 
fire-boxes of the present day, with vertical sides and 
concave tops, make steam better than the square 
boxes. 

The Cornish boiler was not only a new form of 
boiler, but it was made to withstand high-pressures 
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whicli frighteiied most people ; but Trevithick intended 
it for high-pressure, and he was the man who intro- 
duced it for the purpose of affording scope for the 
carrying out of the principle of expansion by cutting 
off the steam earlier than others did, and, by doing so, 
economising fuel. When high-pressure steam is cut 
off very early, the inequality of the steam's action on 
the piston requires to be practically neutralised. This 
is done by the fly-wheel. 

The Lancashire boiler, Figs. 10, 11, 12, is a native of 
Lancashire, and was the outcome of a desire to insure 
safety. The internal flue of large Cornish boilers 
occasionally exhibited signs of weakness. It was sub- 
jected to an enormous degree of expansion which 
bulged the ends out, and when it was stiffened and 
stayed, so that it would not yield, the internal tube 
became hog-backed within the boiler ; then, by sudden 
contraction, when the door was opened for firing, it 
was straightened. Consequently the boiler became 
unsafe. To maintain the size of boiler necessary 
for the supply of steam, and to retain the principle 
of an internal grate, the boiler was converted in Lan- 
cashire into a double Cornish. There are reasons for 
inducing us to admire this boiler, from the point of 
view of the stoke-hole. When the furnace is six feet 
or more in length, it requires more than ordinary 
human muscular action to send the coals to the ex- 
treme end of the grate ; and where there is not the 
strength to do so, the bars soon become bare ; then, to 
keep the steam up, the rake is put into the fire to 
knock it about, and to blaze the coals away. Besides, 
in a big boiler with a big grate, one will generally 
find by the side of it, to keep it warm, a big draft. In 
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some instances, the boiler is overpowere 




Fig. 11.— Lancashire Boiler: Front Elevation. I 




I'ig, 12. Lancashire Boiler : Cross Section. S 
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rule it is done because the thing looks in keeping* 
Now with a large grate of 6 feet long by 3 feet 4 inches 
wide, the fire is too low below the furnace top for the 
hot gases to come in contact with the plate, and as 
soon as the attendant closes the fire-door, the strong 
draught pulls the gases out of the furnace without their 
being properly ignited, or being by a slower draft 
allowed to touch the plate above. If, instead of this 
grate, we had two grates 4 feet long by 2 feet 7 inches 
wide, the attendant would with certainty cover the ^ 
whole grate by means of the shovel, which would keep 
out the rake and save ( oals. Besides the fuel would 
be nearer to the crown of the furnace, and the water 
and the draft would be split. 

The illustrations show the diflFerence in the two 
constructions, an«1 they will enable enginemen to 
learn the reason of one jeing called a Cornish, and 
the other a Lancashire boiler. As there are scarcely 
two boiler-makers who put their boilers together alike, 
it is unnecessary, while noticing the boilers, to advocate 
any particular design or class, for the simple object of 
this work is to explain such things as are useful, and 
are calculated to raise the mind of those in charge of 
engines and boilers, and to induce them to study the 
questions hinted at here, in the works of others. 




1 ^ -^ 
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CHAPTEE IX. 



THE GALLOWAY BOII 

The general arrangement and co 
latest improved " Galloway " boiler it 

Longitudinal section 

Plan 

Front Tiew (Section on line a b) . . 
» » \ » »» G j>) . 

In many respects and in general appea 
of the Lancashire type, which as hgi\ 
results in England. 



1. Main steam-pipe. 

2. Feed-water-pipe. 

3. Safety-valve. 

4. Steam-gauge. 

6. Water-gauge, 
fi. Fusible-plug. 

7. Furnace. 

8. Mud-hole. 

9. Ash-pit plates. 

10. Blow-off-cock. 

11. Flue-door. 

12. Steam junction-valve. 

13. Man-hole. 



14. Feed-^ 

15. Damp< 

16. Damp( 

17. "Gall< 

tub< 

18. Gusset 

19. Pocket 

20. Side fli 

21. End oi 

22. Botton 

23. Fire-k 

24. Water 

25. Steam 



The Galloway boiler has now been 
twenty-five years, and is used in 
United Kingdom, supplying steam to 
powerful engines, and giving great sati 
Philadelphia Exhibition of 1876, thi] 
of boilers were tested, including the 
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with the view of ascertaining their respective merits as 
economical and satisfactory steam generators. Each 
boiler was tested separately for eight hours, observa- 
tions being taken every twenty minutes, under ordi- 
nary working conditions, and a pressure of 70 lbs. to the 
square inch was regularly maintained throughout each 
trial. The test was conducted as follows: — ^Steam 
having been raised to 70 lbs., the height of water in 
the boiler was noted, and the fires were drawn. The 
fires were then relighted with fuel, which was weighed 
and charged against the boiler ; all the additional coal 
supplied for the trial was also weighed as it was served 
out to the fireman, and allowance was made for the 
coal which remained unconsumed in the furnaces at 
the termination of the trial. Observations were made 
to test the state of dryness of the steam by condensing 
a certain weight of steam in a given quantity of water. 
The dampness of the steam or the moisture it contained 
was calculated from the increase of weight of the water 
and the rise of its temperature. 

The feed-water supplied to the boiler was measured 
and also weighed, the force-pump for supplying it 
being fed by steam from the boiler on trial. The re- 
sults arrived at are embodied in the table below, from 
which it will be seen that Galloway's boiler (Patent 
1875) attained the most economical result, evaporating 
11-72 lbs. of water at 212° Fahrenheit per pound of 
combustible. In addition to achieving the most efficient 
evaporation, the boiler yielded the driest steam. An- 
thracite coal was the fuel consumed in testing all the 
boilers, excepting the Galloway boiler, which, being 
more suitable for bituminous coal, was tested with that 
description of fuel : — 
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Description of the " Galloway " Boiler, — The shell is 
made of nine rings of plates^ about three feet in width; 
each ring being made up by three plates in the circum- 
ference. The transverse riveting of the circular seams 
is single — that is to say, there is one row of rivets. 
The longitudinal riveting, for the longitudinal seams, 
is double riveting. 

It has been found by a series of carefully conducted 
experiments that the double-riveted straight seam is 
considerably stronger than the zigzag plan. 

The plating of the shell is what is termed parallel — 
that is, the plates are bent truly cylindrical, so that the 
successive rings of plates are alternately lapped inside 
and outside. Thus- — 



Fig. 13.— Plating of Boilers. 

This system is an improvement on the old style of 
conical plating, where each ring is lapped outside at 
one edge and inside at the other edge. On this system 
all the plates are required to be cut tapering ; on the 
other system the plates are rectangular. 

The front end-plate is securely attached to the shell 
by an angle-iron, and is turned on its outer edge. The 
holes in the furnace-plates are carefully bored out in 
the lathe. The back end-plate is connected to the 
shell by flanging, so as to allow sufficient play for the 
expansion and contraction of the flue. At the back 
end the flue is connected to the shell by means of an 
angle-iron ring. 

The furnaces are each in three rings, welded longi- 



^i the tixe, ma. Ai;K^x^ i^ aixiple «^^ 

the pressure oi t\ie^ steam.. TYie tvx ' 
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proYided >xixa.eTii.eaAi\i. for ITolO pa i 
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cuTYes of -tlio -to;p a.Ti.d. "bottom of 

They are all alibio, sLxi^d. are intercTc 
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accuracy is seoiiredL than whc 
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larger ertd, so 'fcb.a'fc the smaller en 

drawn tbroiag-lx tlie IloIg cut in tb 

larger eiwl of" tbe flue if at any 

required *o rrGTXla^rG a tube. Pn\ 

necessary ±o remove or renew a tuJ i 

as long as ^^^ otlier parts of the boj \ 
The taper f oz-m of the iub^ ^jj^ 

steam to rise ^^J^^y ^e forced, w . 
of the sizrface of the phte. rpj^^ . 

if the water xs ^;^l^ f t},^^ 1 

generated tbere,>ie tube U ^g^^ < 

burned oixt. ""^^ » i 
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Pockets are placed in the flue, which deflect the 
flame amongst the tubes when it would otherwise seek 
a direct passage. 

At the back end the flue is reduced, where it is 
connected to the shell, by contracting pockets, in 
order to allow of the necessary expansion and contrac- 
tion which the flue of the boiler undergoes when at 
work. 

The ends of the boiler are stayed to the shell by a 
number of gusset-plates, several of which are extended 
to the second plate of the shell, in order to give 
additional holding strength. They are attached by 
double angle-irons, and they are not brought nearer 
than eight inches to the crown of the Aimace or of the 
flue. By such a provision scope is allowed for the ex- 
pansion and contraction. If the connection were too 
near and too rigid the end-plate would be overstrained, 
and grooving would be the result. 

The boiler is fitted with a pair of doors having a 
brass grid, by which the admission of air is regulated 
according to the state of the fire. Inside the Aimace, 
at the entrance, there is a dead-plate, next to which 
are the fire-bars of cast-iron, in three lengths, resting 
upon cast-iron bearers. The fire-bars extend to the 
bridge, which is made of fire-bricks of a height suffi- 
cient to deflect the flame towards the crown of the 
flue, without checking the draught. On the front of 
the boiler there are two water-gauge glasses, having a 
pointer showing the best level at which the water 
should be maintained, leaving ample steam-room in the 
boiler. The gauge-glasses are connected at the bottom 
by a drip-pipe, which carries the waste water to the 
drain — ^not into the ash-pit. A steam-gauge is fixed 
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which the water is effectually^ distributed instead 
being allowed to enter the boiler at one spot, whic" 
might be injurious. 

The boiler is also furnished with a damper an<} 
tackle, ashpit-frame, and foot-plates, placed just i^ 
front of the boiler. Fluerc'oors are placed in front td 
give access to the flues of . le boiler. 

After the current of flame and hot products ha» 
passed through the boiler, it is split and passes round| 
the sides ; then it dips and passes underneath the'; 
boiler, and thence past the damper to the main flue. 1 

The method of conducting the gases along the sides \ 
first, and afterwards alon^ !|^ bottom, is found to act \ 
much better with the Galloway boiler than the reverse ] 
order of passage — ^under the bottom first. \ 

The boiler is set upon lumps, which are better and 
more easily fixed than fire-brick. 

The setting of boilers has been much improved. 
There was a time when the flame in the side flues was 
allowed to impinge upon the plates of the boiler above 
the water-line. The plate, in consequence, was liable 
to become overheated to a dangerous degree, and 
weakened by the sudden access of occasional draughts 
of cold air, by which their temperature was suddenly 
and unequally reduced. All the heating surface in the 
flue — that is, the surface of the boiler which is exposed 
to the heated gases — should be below the water-line, 
with a margin of safety. The plates at the side, when 
they are exposed to frequent changes of temperature, 
must inevitably become a sotirce of danger. 

Another barbarous practice is to set a boiler upon a 
bed of wet brickwork and mortar, on a wet foundation, 
exposing the plates to corrosion as soon as the boiler is 
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set to -work. Corrosion under such fj^^ ,'/j^ 
oeases in. tlie -worfc of destruction ^^ ^^ 
tated. the boiler being lifted off ^'^ 
patcbed. lUq ^ 

Fornxerly, boilers were supported 0* tffl^ 
mid-featber of raw brick-work, so tTl^" 
leaking" rivet or joint "v^ould naturally "^ . 
holier side and assist tbe corrosive ag©^ 
destructive work in. tbe neighbourhood oi 
which rested on the xniddle support. Tb 
alarmingly xxi.teziai6.ed. Toy the extent of the 
in. width and in length, touching a large £ 
to the work of deatrixotioxi. This dec. 
worked in the dark. JHbw was it possible 

examine wia* was STO^^S^ *'"„"" f^^^W 
centre of an 18-irxob. brxok waU «^*f^^^^ 
of from ;20 to 23 feet ? Is it ««^-^^^, 

We suddenly '^<^ /C "'""S'Tieir detSnt. 
down a factoi-jr w^z*2» thoni in *^"^ ^^^ ^a, 
BozZer after fo^ii^^ explodes, ^^^^ *^ j.^^ 
plosion can be clearly traced.. -^ ^j^ch I 
iiona and improvements are ^ '^ ^f aoci<i 
reduction of tbe number ^^'^ -f^^^/^^ is du. 
-pW Mucb of the -^-^Xi ^--^S% 
"^.f^Ue in£uence and ^^^ f ^j that ca^ % 
r^^ksurance compaJiies. -^ boilers s£oi,\' 

is not done; tbe men in <^^^'^^^ J^jicy- V 

eerdScates of service and coJX^P^ ^ 



^Sai>T£^ -^ 



^fety-vahe, 8 m, ■, *^^AY BOXLBR. 

M /renera//^ ^ *^® «teaiix>>^*^® most important o£ 

and rSr^ «f "''ed to Pa^iJ^S^^e. The invention 

trere T^^'i ''"* ^«%hted^' * Prench physician 

«CS' ^'^^'^ ^'^ time.^^l;-« or plu^ openings 

Rsii^Z ^®^® ®^ fitted ^Soine of the ancient 

saiety.va]^^ what Watt did x^^^* I'apiii did for the 

™^ and improved it, wit^V, *^e engine : he ex- 

employing it, by means of le V^ ^^spect to tine mode of 

^^d thus He prevented th^ ^^® ^^d movable weights; 

off its seat. He made oix^ "^^l^e from being: blown 

or answer the purpose, of "^^Ive to do the work, 

pressure upon the one valv^ ^^^T* by regulating the 

he waa the inventor of th^ ^ heights. JPractically, 

an improvexnent upon the d^ ^^1-yard safety-valve as 

valve ; and so long as safetx^^ ^^^^^^* ^^ direct- weight 

will be his debtor. Maur^^^^^^^^ ^^e used the world 

told about s^fety-vaJves stioll^^^^^^^^ tales have been 

the boilers they were 8ur>x>o ^^"^^ npon their seats ixntil 

blown up ax- collapsed. Xt- ^. ^^ ^®®P ®^^® have either 

^tick, it ia possible thah it: ^^ possible for a valve to 

"^^ould cause an explosion ; 



SAFETY VAb"^^^ ^ 

W tie liability to accident ca^ at 
prevented by proper design, fitting./, 

oalety- valves are either flat-face<* 
contact of^ tie former may be termS^ 
tile latter ia a mitre-seat. Bott are 
indirectly by levers or directly by « 
iielical-springrs. Sometimes the deal 

tached to tie end of the valve-spindle, 
course ixxside tJb.e boiler ; but dead-weig^ 
^ay of oocaexoxLaJly becoming detac. 
^^ay gooB tb.e -val-ve tbrojigb. the roof 
iiouse, follovfretl by a disohsirge of ste 
■wrmch preventa any one driving: a "v^O' 
the hole until -tlxe boiler becoraea nearly 
nat valvea and xxxitre-aeated. -valvea are e 
their aeata by xnaide winga or by < 
Cfentrai stalks or sjyindlea are apt to g 
accident of falling- from a bench., or firon 
to a stone Boor. Tlie injury is not dete 
^alve is returned to its place and tbe s- 
WoTT "through. " much below the boUer 
caase may remain a mystery until all 
^^ off from the boiler and the vaJy 
7^« even it may be tbougbt to be a 
Jl^'^ii IS put into a lathe, between ti 
mrered to be ''drunk, '' that xb, ^^/^fT 
It my he only out of the straiST^t by t 
" bee's whff, but steam is « ST^f' f^%, 
J* ^m be closed aU ro^^^ J^ ^j^ 
^''^e; o^i • _-,.-7/ escape wl: 

Hk/7f^ ^^^ ^1sT>i^dlesbBV 
ki^y defect. Central ^P ^.^j^j^ ^ 

^^ i^t ^ that ^^^^Jorv the se^ 
^ mde tie ^^'^^ ^ 
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working up between the ^P^^^^^^ers have been ou^ 
hole. In Iny iBstaixce«, ^^^^^^en found as fast «^ 
of nse for a time, the valres have mitred valve^*^ 

• a rock, by corrosion. The oo^^^^ acknowledged to 
three stalks or wings is ^^^f^„«i fonnd to stick «» 
be the better valve. B « ^tf^t xnay arise from it« 
less it is imperfectly fitted, ^"J^^^ teing aUowed free^ 
being made too good » fit» *^ £ temperature, or 

dom of action under a c^*"|^en it is fitted '^*° _ 
other working conditions. ^ "^ - ^ relative contra^ 

cast-iron seat, itself being ^''^®' ame, and the ^»^^® ^ 
tion and expansion are not the ^ ^^^ therefore tojf' 

then apt to bind and to ^^^^^^L^rx »<> '^^^^' *S 

come a thousand times "wo*^^® , ^f iiard gun-metai- 

valve, as well as its seat, sbo^**-^ .50 ^nd mitred *^° 

The angle for the cone sl^o"? f ,?*® ^r contact, ^.f J 

more than an i-inch ia wxdtli i ^ ^.iixch mitre- 

valves do better and wear longer _;^ , ^ ^itre face o» 

The disadvantage of having too Dro ^^ ed by ^^ 

the valve is, that when the ^^^^ j^^lf befc^f een t»^° 

steam this penetrates or ^^^^^^^ ^^t, and ao^Bj'P^* " 
oonzcal feces of the valve and ^*«^^' ^lierx thevaVj* 
eoxxsiderahly larger area of s^-f^/ f TonV-^^:' .t 
la down on its seat. Then, as ^ . i^to !<» f ?,t, 
-al^e, once opened, will not drop ^S^^J[^^t ^^f^ 
Jxtil the T>resBure is diminxslied oe^^w ^ to be ^i^' 
xffiood to^Sri: v^ve, wlxiclx is sussed to^^,^. 



:atil the i>re88ure is diminislied *>eio^ J* ^o be ^^^^ 
xffioed to^Sn: v^ve, wlxiolx is su^jed J^^^ ^, 

il^x^ blowixxg-off pressnre. »««^^«%^ ^Uxi ^* ^ 
e valve doos not cut tlxe «*^«^ ^^.f" subsides, *«" 
>2zif>tly when the pressixre underneath suo 

:roTV-faced valve does. . _ . ••_ _ i-voxff^. 



apo-tv-faced valve does- „* T^« taJ»»®''*'i 

'lx« lever of a saiety-valve sbonld ^o* '^t,^ liigUes* 
ly long not longer thiaxi. is required tor xt* 
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the bottom of the boiler, the effect of whicb has been 
sufficient to cause an explosion in a weak boiler. 

It is necessary that every engineman should be able 
to calculate the necessary weight to apply at the end 
of the lever to balance a certain pressure on the valve, 
so that he may have a kind of command over what is 
in the boiler. Such knowledge gives a man a higher 
estimate of his berth ; and gives him an air of confi- 
dence such as knowledge only confers. After a boiler 
is reduced in strength through wear and tear, it is a 
common occurrence to reduce the pressure by shifting 
the weight, which is often done without any calculation 
whatever. But it is far more business-like to make a 
proper calculation. Examples of such calculations will 
be found at the end of this work ; but it may be oppor- 
tune here to mention that the principle of the safety- 
valve-lever is very simple, thus (Fig. 14) : — 



Sr. 



•«••••• ••auaM««« 




Centre of 
OraxUy. 




Fig. 14. — Safety-valve. 

w is the power applied at different distances along the 
lever between a and b — the valve. The steam endea- 
vours to leave the boiler by virtue of its elasticity, and 
constitutes the resistance at b. The greater the dis- 
tance between b and f — that is, between the power and 



y 



I 



FUSIBLE-PI>^ 

«ie fulcruxn the greater is the ^f. 

valve at :b. T£ w and f are Yi\ ^^ 
-and :p are 3^ ixiclies apart, 

\7i in. -i- 3J = 5, the level 

then a vreig-lit hungr on the lever 
influence five times that of an . 
because it is five times as far betw 
from B to F. 

The proportiajOL which the power 
or resiatancG is as the distance of 
fulcruizi is to tlie distance of the 
point. Tn a, wox-d, tliG po\srer and. 
ance are invGirsGly sta tbeir dists 
<5rum. 

Fu8tble'j?lu^, 6. FvLaihle-plvLga sli 

nace-croTm to jpirevent, or rather 
insa&ciency o£ Trator in the boil 
instances their viiluo is emnvillod. b;\ 
short in the inside of the boiler. I 
their length allovrs them to project in 
^ery short distance, they give alarm 
actual danger, instead o£ being ^ | 

^ctoai ^ense of the word. -A. pltigfh 
^f imger long before tbo Are can inr 
f^ can only be done by making th^ 
^^^gth, and there is no roasan why 1 
Btmd up in the water an xzz^^A ^^^' 
li^e. When plugs are toa ^^^^^ .^f ^ 
7^^iriV^ stony seal^. ^"^"^ ^Jjf 
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haye more chance of answeringr the puT)Ose for ^vhich 
they are inserted in the plate. Although it is desirable 
not to have many holes in any boiler, m order to 
secure unimpaired the normal strength of the plate, yet 
it is a very desirable precaution to have more than one 
fusible-plug in every boiler. 

Plugs should be fixed fore and aft the f umace-crown. 
In some instances, several small plugs are clustered to- 
gether, fitted into a seating which is attached by rivets 
to the centre of the crown, but the accumulation of 
scale over this seating may render the whole of them 
practically useless. When a furnace is fitted with 
duplicate plugs, the investigation into the cause of 
tie melting of one is much facilitated. The other 
remaining intact is a proof that the furnace-plates 

have IX ot been overheated. 
Msitxy instances could be cited where much suspicion 

would have been averted and full confidence retained 

b f -rx an employer and an engineman if duph'cate 
Tiad been used. We have duplicate gauge- 

^ ^^^ and why i^ot have the same laudable principle 

glasse^^ carried into the furnace ? 

of secn^ ^ "be blown out through being worn out, 
A p-*- engineman is aware that when the aUoy gives 

and ev^ ^xises much annoyance. This circumstance has 



way it ^ xnuch inconvenience through the attendant 

caused ^^^ng how to act. But to prevent any unneces* 

not ^^^^yr, the discharge of steam and water should be 

sarjr ^^ ^£jy prevented by driving a wooden plug into 

thebl^ - tyh^^ is attained byproviding an iron rod of suffi- 

cient^^X^^^^. ^'^^^^ of conveying the plug to the hole. 

It 2s ^^rS-dsiculoua idesL to stop a mill or a locomotive 

^^^ply- -j^^^^s&uae a IxqIq half-inch or less in diameter 



B'USIBLE-PL^ . ; 

cannot bo plugged for an hour ^^ 
can be px-operljr restored. . . 

Care should be taken to renew ^ \ 
possible after it commences to \Q^ 
weeks and xxot give way ; but the ^ 
to tie wasting- away of the plate ab( 
T^^OQQ&ltQ±GS a patcb, the plate havit \ 
ousJy thin. jS[€>-w a thin plate above 
most dangez-oizs of all places abou 
weakest paj-t of a IdoHgt should be th< 
plain reason. W tLGXL a plug gives 
sbould. be closGil etnS. tb.G fire dampe 
so as to prGVGZit an incx-ease o£ steam 
hjr an inducGd cvunrent o£ air follow 
steam made by tliG Trator being' in a 
as it coniGS fn. contact jvith. a lax-^ 
These plugs oftert become dangerona? 
they reach. tliG temperature at Tvhich i 
to give way, and then they bley%r out. 
is not always evidence of the furnace 1 i 
ieated. I£ they blow out rrhen the 
^^eam, just close upon the normal pre 
*ie steam will suddenly rise and lift 
aiarm oi the eng-ineman, whose attenti i 

l}^i upon the coincidence o£ the cirot ! 

^^^^ng out, and steam allowod to fsc^ 
^^ the safety-valve alio win^T osoaping , 

engine-house. He naturally J^^^^^^^ 

;7^ k the boiler tbrou^^ ^^ P^ 



<'jffP''t'y.f.. tbo stes.m. 



'^t€l the water i^*^ 



Floats.-TYns class of ga"8:«« !^ f^^ts ; tUe weight ;;^ 
It consists of counter-balanced we g ^^^^^ ^^ ^^^ top 
the boUer is frequently a stone w ^^ its specxftc 

of the water, by the difference be ^^^^er-balanc^d 
gravity and that of the water o^^^ ^^^ are connect^ 
by a weight outside the boiler- ^j^^ ^jre worKS 

by a wire suspended over a P^t^ ^; ^f the boiler, an<J- 
through a stuflBng-box in tbe .^^ outside by t^e 

the rise and fall of the water _xs sn ^^^ ^.^^ ^^ ^l^e 
position of the weight hangi^S J 

P""ey- - _a ^eU looking a**®*' 

It has many defects and 5®?^ slufirgish. and requires 
Its cardinal fault is that it xs to*' ^^-^ of the water wxtb 
more sensibihty to record the pos^*!^^ ^^^t of. ^be 
satisfaction than its principle w ^^Q^-lit botne to 

varying positions of the water «''® J^ j^^ float as by tbe 
tbe attendant with such force Dy ^^ ^^^^^ soo» 

gauge-glass. Then, again, the wire ^^^^ ^^oic wi* 
becomes oxidated and works i", ^", . tjigiiiv dauger- 
an excessive degree of frictioix ^^^'i^^^^J^ -^ liable to 
ous. Again, this wire, if xixade of co^e^ ^^^^er, 
«5°*^ V bexxxg packed too tight ; *^^ *^t^ ^^d be^t 
tie possibility of the wire bexxxg damagett ^^^ 

Shonld it break, the business is aU over ^*;^^*^ ^^^ float 
8 Mown off, the manhole-joixxt ^r^f^, an* -^ 

shed up b ^ "nipper- lad. When th^ ^^ 

I,ax>ed, there is the joixx* of the r^^^^\ et^tt 
-:made ; and by the time every thxng is '•e**^ ti»? "^ 
izzM, the accident has cost a sovereign, x^ ^^jo 

» -fcind takes place with gauge-grlasses, ^^^ ie&ce 
sat; and certain register, without any incou- 
t;ever. _ -tuM' 

?Ta.«ia floats are in a leaTsy condition at tne 



FLOATS. yfi^^ , 

iXi ^. ^* ^® scarcely possible ta V 0,fi^.j, 

for any lengrtH of time—the wat^^ ^<?^f, 
steam ikU on tie boUer, and tric0^ tlU^^ 



into some civti^t cranny, so deep dox^^ ^^y ^ 
as to be oizt of sight— that means, iu ^^^ .^, 
mmd uxitil tlie boiler gives out by cotrOSl^ . 
grlass indeed I '' said an engineman ; ^^^^ 
X-ook Msrl2.sLt a box yon would be in if ^ ' 
l^osted ixx tliG night/' continued be, VitTci 



wiiLk:, wiiicli imj>lied that that was a clei 

grauge-cocirs caxx be closed, at night, an( 

closed. Is any jreliaxiOG to be placed in self 

regulators F jN'oxig Trhatever ; they soon 1 

tive and Ttrorae triazx useless. Tiiey a 

■H^orked in connection with, the S.oa.t, hy m 

and yalyes ; but tlxey Boon, get out of ord 

leak, especially if the water is at all 

hard. 

But the worat feature in the Boat is that 

boiler attendant an idea of seovirity whei 

*iere ia no aecvirity at aU. TTben a ^««^ 

*ie water-level in the boiler reg-ulateB xtselfx 

eas^ eiboxxt it, and he does not ^ive *^f' P^^P^ 

f attention to the varying- bGigbt. I^erei^ 

^^^ keeping- an en^ineman in « f^^^ ff X; 

"^^^ty. ^ig is all the better £or xt. ^d be j^\ 

^^is ready to acknovrledg-e it. X^ 

n^ iA report about tb^t f ^, S^S^H^ 

pmafifer would be compl^t^'y l"'* -"^ f^J-J)^ 
' ^Sltual part of ^bs.t ^-^^fZ^ % V 
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same over and over again, until the man in attendance 
becomes a machine himself. But if a break-down 
happens, be it the bucket of an air-pump, or a foot-valve 
gone, he is not sure exactly what he is to do. Many 
men cannot act on an emergency — ^some men can. 

The Steam-Pressure Gauge {Bourdon* s Gauge), 4, 
is constructed on the principle that a hollow elliptical 
metal ring wUl uncoil itself by its elasticity when the 
pressure which is applied to it by the steam admitted 
internally is withdrawn. The construction is this : A 
hollow brass hoop of an oval cross section (thus CD), 
into which the steam passes, is secured at one end to a 
brass plate, which is fitted over the steam entrance to 
the gauge, the joint being made steam-tight. The 
other end, which is closed, is attached by means of a 
small arm to a toothed sector, which is geared into a 
small pinion upon the spindle to which the index- 
pointer is attached. The steam entering the hoop 
causes the end which is attached to the sector to move 
outwards from the centre ; this causes a corresponding 
movement in the pointer, transmitted by means of the 
arm, sector, and pinion ; the movement continues as 
the pressure of the steam increases. 

The hoop, arm, sector, pinion, and frame, to which 
they are hung, are all of brass. The use of the inverted 
siphon-pipe is to collect a small quantity of water, so 
that it may act as a cushion between the steam and the 
working parts of the gauge ; also to prevent injury, as 
the steam permeating the gauge would in time spoil its 
action, loosen the enamel from the dial, and also dim 
the glass so that it would become unreadable and 
unsightly. The cock which is placed at the lowest 
part of the inverted siphon-pipe is designed to draw 



PRESSURE gA^ ^aC^ 






off any water whicli may have O" J^^ q-Q. 

water was not drawn off it woul^ \i0^ \i 

and tlie steam pressure -w^ould in c^*^ „ ^ \ 

rectly indicated. The steam-presBxJ^ ^, 

indicate tlie total pressure of the ^ L^ii;!^ 

pressure above tlie atmosphere. The ^ \ 

measured £ironx the pressure of the atl*^'^ * 

O, or zeTo, on. tlie g-auge. When the iadeX. 

shows a nreaaure o£ 50 lbs. per sq^uaxeVQCQ 

151ha. atmosplxerio pressure to be added. t( 

making 65 Iba., to give the total pressure: 

Jill pressure gaxigea should be provided 

stop-cocka to abut off the steam from the 1 

the gauge can be taken down and repair 

ia put in ita place, the bend, in the pi 

£Ued with water, which tranaxxnta the pi 

steam to the apring at a low *«'°i^^*"^j„ 

mum-cation with, the boiler should ^e^^ 

BO that the andden impulse of the steam rm 

the spring xn *^^^^^^' , ^^^„^ y^ith an. ii 
Everjr boiler should ^^^^^f^f^;^^ readil 
Bteam-gauge, &s:ed so that xt oan 
^yone entering the boiler-bouse. ^^^^ 

^ In frosty weather, the ^^,*^'^/f]t>l Japped ^. : 
^^ frozen, and the tubes roq^^retoD ^^ % 
ymi or some other non-coadactizi^ -^^^ 



J'^a or some other noa-^^-^- nrovide a ^4 "0 
omevB of steam-boilers '^^^^^^rsig-ht on fi^^ 
to detect any recklessness *^^ ^ ^j^rm pressn^^ 
the eagineman, by erecting- ^ ^^j faithful ^ 

.^ner pressure may ^^ »,^7/ andean be. 0^ 



^^t^d with an ala.rr^' ^^^ggare isr^^i 
% and so soon ^^ ^ 
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bell will ring. A large saving of fuel can be effected 
by adjusting the ringing pressure below the blowing- 
off points, and indirectly save unnecessary straining of 
the boiler either by over-pressure or by intermittent 
expansion and contraction, as it registers the pressure 
at any moment. It is especially useful where the 
engine is required to run as uniformly as possible. It 
incites those in charge of engines to the utmost care 
and vigilance, by furnishing them with a correct 
account of the result of their eflTorts to work the boiler 
as nearly to one temperature as possible. 

Low-water Alarms. — ^Pinel's water-level indicators, 
acting by magnetic force, as constructed by Messrs. 
Lethuillier and Pinel, have given satisfaction ; but they 
are indirect and delicate in action. 

Duryea's electro-magnetic low-water alarm, on the 
contrary, is positive in action. It provides for the 
sounding, with certainty, of a call or alarm at any 
distance from a steam-boiler, when the water falls 
below a given level. The circuit-closing apparatus is 
enclosed in a tube fixed on the front of the boiler ; and 
it stands, when in readiness for action, charged with 
hot water. If, from any cause, the water in the boiler 
falls below the proper level, the apparatus becomes 
charged with steam, which fills the chamber previously 
occupied by the water. The enclosed mercury, subject 
to a greatly increased temperature, is expanded, and it 
rises ; and, coming into contact with a platinum wire 
suspended above it, completes the electric circuit, and 
sets the alarm-bell ringing. The ringing continues 
until such time as the water in the boiler has been 
brought up to its proper working level, and the tube 
becomes recharged with water. With the lower tern- 



MERCURIAL oA 

perature of tHe water, the mercury 
is lovrered in temperature, and i* 
HITiTfa accordingly. Tlie electric 
circuit is broken, ancl tho alano 
ceases. Tlie alarm is conveyed by 
wires to tHe manager's offi 
Trell as to tlie engine-room. 

Mercurial Gauge. "VVlie 

"Bourdon " gang-© is not 
some laoHGra are provided, ; 
cheet upon tlie safety--ralve, ' 
a F-tnbefli'ig-. 15'), aontaijiiiis i 
eiiry, open at one end to tic at 
Bphere, aixcL at tie otlier 
the steam in tie boUer. 
g-auge i, only ezaployed vb 
pressure is a eot<r pounda 
that of the atraoaplierB, and 
quires oareioi usiag, otbem" 
merourrmax '"' t,loyni out. 
is not any danger attendins 
as tie bore in tbe tube is 
■nwU to aUoTf of any suddei 
iwHonotpTeseure. Steam J« 
■m'faiirom the boUer by the P' 
"ml presses upon the ™''^"/ 
mtaaed in the tube M if"- r^j^,. 
^mehes of rise is equal ^^ -.^^.e, 
frxiare above tie atxnoep ^^J 
•'"■'4 has access to tie top "^ ^j^g 
Z:j,by Reopen end, f^s 



/> 



ii,*-liiefroni tie ^oat "~ ^od 
K over tie puJl'^y^' 




Fig- 1^-" 
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is attached to the index s, to show the variation of 
pressure on the annexed scale, m, m, are openings 
fitted with suitable screws, which can be removed for 
the admission of mercury, which is poured in, until 
it shows itself at m, m, in each limb of the siphon. 
When these two holes are screwed up, the screw R is 
withdrawn, and a small quantity of water is poured on 
to the top of the mercury and the hole is screwed up. 
The yrater is provided in order to prevent the mercury 
from being oxidised by the steam. 

Vacuum-Oauge. — This gauge consists of a case, about 
seven inches in diameter, with a dial-plate in firont. 
Inside the case, and communicating with the condenser 
by means of pipes, there is a bent hollow tube, oval in 
section, the other end of which is closed air-tight, 
pointed off and attached to a sector which works into 
a small pinion, the spindle of which carries a pointer 
working against the dial in front. In the steam-gauge 
the pressure of the steam within the tube tends to 
straighten it ; but in the vacuum-gauge the pressure of 
the atmosphere outside of it tends to compress or bend 
it, and thus move the pointer, which indicates the 
amount of exhaustion or vacuum. 

Pressure in the Condense7\ — The vacuum-gauge, like 
the steam-gauge, does not of itself indicate what 
pressure there is in the condenser. To find out the 
amount of back-pressure the difference between the 
reading of the vacuum-gauge and that of the barometer 
must be taken. Thus : Vacuum by gauge 26i inches, 
barometer 30 inches, then 30 inches — 26i inches = 3J 
inches, and this gives If lbs. per square inch, the abso- 
lute pressure in the condenser. 

Barometer Gauge. — This instrument is employed for 



BAROMETER OA-^ A\^t^ 

«P W '^ Xr "^ ^--*---8 the V'te^' ^ 
«^«Kf ^^® invented by ToJ-I'^^^t^f ^ 

Xt consists of a graduated tube of gl^^ \n0*" 
long; Tie tube is first filled witb poxt^ "^"^ 

end OS sealed ^and inverted witb its open &^ 

also containing meroizrjr. The pressure of tlie ^ 

^5f^o« ™®^*'"'^ ^" *^® °"P prevents tlve < 

tae 30-incli tube jfrom rushing out, andlienC 
the atmospiere ia equal to supporting tlie pi 
column of zzxercuz-y 30 inches high, or, what 
things, a coltiixixi of water 34 feet high, Intl 
non of the bajronxeter, th.e principal object to 
is a perfect vacuizzu. in the upper part of th 
obtain this, tlxe tizbe zanat be xxxade perfect 
nioistare / it mtiat baye a bore Bu£B.cien.t. 
render tie inHuenoe of capillary attraction 
the mercury employed, xauat be piiriGed. byd 
yrhea a portion may be put into the g-laas am 
i^- Then more mercury ia introduced, and bou 
*«^e; and so oxi i2jati7 the tube ia full, and tt 
<iontent8 boil. Thua the air in the tube la ^^ 
^ each portion o£ mercury is poured m. ^ 
^hould, ia fact, be a little more than SO ^cies 
*^«^ ^hen it ia inTrerted, as alro^r ^^^^^f"^f t 
?^ rrill adjust itself to tb^ prooisc bcisrht (do 
k&>wing out of the tubo into the cup ,, 
but a small vacuum will b^ /^^ ^^ *^^ ^T' ^ ^ 
^^^mfrom the fact of tb^ ^ir ^"Pf^J'^f 

<n]l /^.7^/3^. ^J^^/'^^^rometer is s 



^e^ted "'^t, »^;/fall mnat be read 
•^ oti^ r rise ^* ^ared with an. incli 
L^strvvmeux - ^es »jvj of '^^ ^'^inthe common . 

aB dou\)\et\ve f ^e. ^%fl,J«xOlx ^j^^ ooe upwards, | 
of t\ie sttaigli* ^r tbe JpreBSOJ^®' , 

steam-gauge «f * opl^e'^'' *^ „„ure ^^ ^^® «*^^ 

marked from »^ Xb tie P^^f preflsuxe of the 

the other dowtt'^*'^^ 'gUO^^ . ^^i ^'^^^ the barometer ^^| 
The 8team-ga«g ^ije ^^^^ d^ the vacuum- Tf* 

only, and therefore ^ y^ich if boJJe^' telow itej // 

to give the actual pte^^^^e of ^^ i,een ^^,,^. Tba 
gauge Bliows the pi ^lien^ ^^es ot ^ vacuum; 
nonnal pressure, ^ ^jsig ^" ^ ji^ » Pf condenser 

be incapable of supP^jJ »» ^'^ I^^b^^ "^ n«r i^ 

air ma/ be so reduce^ ^coi^^, of ^ap^^ges a;^ If 

aJfhougt this caDJ^_iigbte8t «^ Ind^-'^im^ It i 

tliat -fclxero la ^ ^e of t"^, , e^ipport a ^ ^ 

^^% inches ^^'Sereaaixig;;*. joti^j 
"/ Jcuum, subtract *^^, ,^ro^eU>t ^J 




^^arixxches ^^'Sereaaixxg;^; joti 

.« o±- va!uum,«abtra<^/tbe ^^J^^U -«>» 
■Xo«x tte indication oi ^,^3. . 30 xj 

SS^ches vacumn^^o its. =5 2%o *«»? 
:-^^ %ieul51bs.-'^ent is ^«f. ..5«fl. ^t' 
.^er.-This iJxs*"^ other to* 
.tiire of -watei^ 






THERMOMETER. 

tetmometer was invented by an untnown *^-p\ot6Q" 
the seventeenth century, and improyed Toy t^® -j^el^oi^*' 
"J6 aoademiciaiiB. It received subsequent * 
"""f at Sir Isaac Newton's hands. Tilte f\ 

This gauge is partially filled vrith. mercury, n^se 
oarometer; but, unlike the barometer, it is '^ ^^ 
both ends. The bulb and a part of the tube *^ g^, 
mereuxy^ the rest of the tube is vacuous, ari<3- ^ 
space for the expansion of the Hquid. A grr-»<^^' 
scale is attached to the tube to indicate the exl*^^ 
of the mercury. Mercury does not take the soli", i 
*™*^ it ia cooled 39° below 0° Fahr., and it boi2s i 
temperature of 650'^. This extreme range of :flt»ii 
renders mercury a capital register. In the Falii-^xi; 
tierznometer, used in Britain and America, ths XX% 
ber 0° on the scale corresponds to the greatest <i^ 
■ of cold that could be artificiaUy produced whei^ 
tiermometer was origrfnaUy introduced. The fr^^ ^ 
poiDt, 32° F., corresponds to the temperatvj^ -^* 
melting ice, and 212'' T'. to the temperature ^^ ^ 

^^^h ^^"^ure":ach Sn^^f Se te^^^,^ 
^reTn "^Xr-a ..^e. S^ and .l..^^^^ 

are ISO". ^*-, 



cnAFTER XL 

^^^^^^G AND WOEKlXa AK ENGINE AND ^oiler, 

iif''^ inakW a fire under a boiler, or etaning an 
^^f ^^e, it is necessaiy to know something of their con- 
,^.^- ^iis implies a general inspection ; and without 
Ho ^ ^^^'^ *he first point or leading duty, there can 
-Qce^'^-^^^^^ce, and everything must be left to bUnd 
ijy ' ^^^ the absurd belief in one's luot. Tiousands 
9cte^*^® have occurred simply because an engineman 
l^^- to find an engine and a boiler in the same 

ii ^^ i^ the morning as when he left it over night, 

Ix^f^ ^^esumption. 

j^ f *ionId we think of a man, the captain af a 
- ^ ^^^S port without ascertaining if he would be 
^ «eep sailing after he made a start ; without 
]j^ .-J . ^d and exploring, under a due sense of re- 
^"» yy without entertaining the slightest concern 
^ . -"^^convenience that might arise from having* 
^ the Baj of Biscay because his cargo y^aa 

sejy . i|r|iQ looted on the course of events as 
I>ai-acJiseP 

^ozasible enginQjjian sows anyhow — by halves 

^ly^^^^j^^^^^^ticaUy he will be sure to reap 

{f^ ' ^ * Js as true as g-espel. If we read actual 
® ^® read books, we should learu the 
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lesson, and should store it in the memory for fixture 
use. 

Inspection of the Boikr. — No inspection is worth the 
name that is not thorough, no plausible scheme will do 
as a substitute. The boiler-house is crowded with cir- 
cumstantial differences. There are imperfections in 
construction, and there are growing imperfections, 
which for a time lie deep enough to weaken, but not 
deep enough to be detected casually. From the hour 
a boiler is set to work, it is acted upon by destroying 
forces more or less severe and uncontrollable in their 
work of deterioration. These forces may be distin- 
guished as chemical and mechanical. In most cases 
they operate independently, yet they are frequently 
found acting conjointly in bringing about the de- 
struction of the boiler, which will be more or less 
rapidly effected, according to circumstances often diffi- 
cult to detect. 

Breakdowns and failures of every possible descrip- 
tion, like everything else, have their causes and their 
origin within reach of investigation. Perfect engine- 
manship may consist of numberless qualities and 
shining talents, but that engineman is perfect who has 
acquainted himself with the hidden dangers which lie 
latent in the machine, and stored the memory with 
facts and incidents bearing upon every mishap that can 
overtake him in the course of his duties. 

The first thing that demands attention is the water 
in the boiler or boilers. The engineman should ascer- 
tain whether the level as it appears shows correctly the 
height of the water within the boiler, by opening the 
lower cock of the gauge-glass. If he is satisfied that 
the boiler is safe, he should closely inspect the cocks 
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, V are ^P^ ^ 
belonging to the gauge-glass, ^ %ieB &om tlie 
become fast by tlie deposit ot irop ^^^^1 of the 

water. The gauges for ascertaining . g^ yiz. the 
water mtbin the boiler are of ^"'"*^ Refloat- The 
brass cocks, the glass water-gauge, ana ^^ ^^^^ ^^ ^£ 
brass cocks are of the simplest design* a ^^^ ^^j^ 

the ordinary description, plug and ^^® ^ ^^ indicate 
screwed into the boiler, one above the ot > ^ ^^^ ^ 
the height of the water ; the lowest i^.P^ ^ tlie glass 
position that so long as the water is visi bottom 

it is not actually unsafe, although when ^^^ ^ ^ 
cock is opened and no water appears wie ^^ ^gually 
danger. The second cock, the one *^°^®'^^p. The 
placed at the best working level of the ^ -^^^^ ^ 
third cock is placed higher up, and is placea .^ 

position as to show when opened an excess °^ , ^ 
the boiler, and how much water should be disch^g 
from it. When the water is helow the level ^^ 
of theselast two cocks, thl fact can only be known y 
opjmng. them and allot^i, steam to issue 
It 2^:^i^^7*^^-8«"^ewL i^*'^^ "'l^'^f wHch the 
--««% y'^ r.*"^ance, T-^ t^istvJdJ There 
""" *'-o^c^r^^°^^^ &au^^'°*'-i the boUer and with 
" "^^2 rr^^catiS^ T Itgth, with only a 
/w ''^-e ^Tf, w' °' «uffici^'^\:tuer to withstand 
ibe force o^ ^^^i^' to enable i* * t« being opened, and 
^J^'^U::.*^^ ^^^Tn. rg -^^^^^rf principle in 
.i^St^^?.?t^."^'*i Sr ^^^S'wlterr^erent 
^tS[1C ^^ee ** **^ ««rW ^^.ferch other is at one 
rZ ^ll^^el'^SS'^ioa^oX. ^t thesame height as 
--^ <S-f ^.^ *ie ^^^%^^iler contain^ steamy 
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munication with the boiler. For instance, if the top 
cock was not open, and the bottom cock was open, the 
weight of steam on the water within the boiler would 
push the water up the glass to the top, or would at least 
only be prevented from doing so by the air above the 
water within the glass tube. Therefore, when engine- 
men test the water by simply opening the test-cock on 
the waste-water pipe, it does not give positive evidence 
whether the glass is working right or not. To show the 
level correctly, the upper end of the glass must be 
open to the boUer as well as the lower end, so that 
there may be the same pressure of steam on the water 
within the glass as there is within the boiler. If there 
is the slightest difference it will cause a higher level 
of water to be seen in the glass than what there is 
actually in the boiler. It is then necessary that the 
steam- way and the water-way should be kept properly 
opened. This is troublesome when these passages are 
small. They are generally about J of an inch in 
diameter ; they shoidd be at least -g- to J inch. 

Float — This is a simpler instrument than a glass- 
gauge, but it has many defects, and liable to stick, 
either through being packed too tight or becoming 
oxidated, but its greatest defect is its sluggishness 
and want of sensibility. By inspecting these cocks as 
soon as he arrives on duty, an engineman in no small 
degree has secured not only peace of mind but a safe 
boiler to work with — ^at all events to start with, and it 
is an old saying and a true one, that a good beginning 
makes a good ending. 

The next object of notice is the pressure-gauge. The 
boiler may be safe for water and unsafe with an excess 
of steam. A glance at the gauge should show what 
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. . ^1. v^ilfiT Now, it is 
pressure of steam there is m the »;°^]^' ^iced and 
possible to make the inspection we nave _ ^ ^^^ 

yet miss an important point, and one wJuc ^^ ^^^ 

likely to teach an eneineman something he 
XT- . ■,- ^^^ ■. -1 Co left on over 

otherwise discover. When a boiler is a^x 

light it contains so much water ; and the nex 
ing there is not quite so much, owing to the w«r 
taring fallen in temperature. During the penod tnm 
a boiler is perfectly tight and sound, the amoiuit or 
water said to be lost never varies ; but if the boiler is 
not sound, but leaks, either in the flues or the tubes, 
the amount of water which has run off from the boiler 
tjrough the defective joint or fracture in the plate 
fhould be a warning to the enffineman the next morn- 
ing when he inspects the water-level. By this means 
J« niay be apprised of a rent or a loose rivet long 
f«fore there may be any absolute danger at hand, or 
^ he can W tbl rivet le^°»- Such pains- 
^gdoes not cost muci e^ry xnorning, but it assiste 

^^■°/ son, ?' ^"" Pers^^sion that the boder xs 
remed^ Somewhere, he tij^lj «^^^ *° ^^^ ^ 

b^ ProdnJ'fJ'—The availaM ^ ^i»»tity of heat that can 
dz^ioz. o?2^ ^rom a ton of ^^' f depends upon the con- 
oca/ o/s*^^ ffrate i, °* J**?^ is consumed. Taking 
th^ effie^^^o^ guality iT} f-^ate in an inferior state. 
trr^jitjr o^ ^J- of the eoa? . *^^ €2r evaporated, may faU 
tli0 best «^^e^ thirty J' '° ^^*^ The tyF oi grate for 
^a«2 «!Ae tfoo>«/^ oi^^^«ent. ^ bridge, not too far 
.r^^f - -P.^, ;^/ A^^, ^^^tb « ^^/'^^^gth, and not too 



INSPECTION OF THE BOILER. 137 

order to drop the fire ; but it is liable to many objec- 
tions, and the greatest objection is that the fire can be 
cleared or withdrawn without doing so. When such 
work is required to be done, the refuse should be drawn 
into an iron wheelbarrow, and deposited outside the 
boiler-house, and slaked with water. Carelessness on 
the part of the fireman in not keeping the bars well 
covered and forcing the fire at another place to make 
up for it means a loss. It is no exaggeration to state 
that boilers and furnaces can be made, by mismanage- 
ment in the boiler-house, to blaze away fifty per cent, 
of the fuel without any advantage. 

The amount of heat lost by the hot ashes may range 
considerably when their condition is unsatisfactory. 
In a large factory with limited boiler power, all the 
heat is wanted, and where large cinders can drop 
through the bars a large quantity of cold air can go 
through into the fire. 

It is the practice in some places never to renew fire- 
bars until a new whole set is wanted. Day after day 
some hundredweights of coal are wasted for the sake of 
the system. That system is best which saves fuel. 

The safety-plug, or lead-plug, in the boiler, or boilers, 
should receive its due share of inspection ; and to guard 
against any mistake being made it should, when the 
boiler is empty, be withdrawn from the plate, and, if 
necessary, refilled. Plugs are often left in until the 
lead or the alloy is perished in them and they stop 
themselves, and sometimes a factory full of hands. 
Three months is quite sufficient time for a plug to be left 
in without renewal of the metal. By inspecting plugs 
every morning, due notice* is obtained of their disposi- 
tion to break. Leakages should be stopped at once, as 




are 



.>-.KT .>-XX- -«'^'^'^' 

corrosion, and to destroy ,^^ ^^^^ 

that the blo^-off cock should j^ 

.der, working: ^'fl^^.^f ^^^^^^ie^^^ 
.thont leakage. With a tap o^ ^^ 

when it is «i"* properly. ^^.^^^ ^ 
orkin^ with a wheel or ascrejr, Jeat^g^ 

Jetected. ^1 ^«^^«« ''^ *^ ^"^ript 
with indicators to show when they i.„ 

[&ny a boiler has been ramed through 
Jing noiselessly out of the boiler, in g^,jj. 
blow-off valve not having been screwed 
lon the seat. 

v^alvea upon the hoUer should he clear to 
boxed up or placed inside a pipe, up 
'am escapes to the atmosphere. This is 
cement to blow off steam. The practice 
<iown the valves should never be coun- 
'•t is also a favourite dodge, to hold the 
I'oiler, to pile some weights on the lever 
'■ Valve, and although it is not so wicked, an 
^^g it, still it is the right way to blow the 
-**y an inspection of the lever the practice 
®cted. The valve sJbould be allowed to blow 
^ to test its correctness with the pressure- 
' y^"^^^ moderate care it may he kept quiet 
3^ ^^ *^e time. When a safetj-valve is 
^nd the engine is at work, the boiler 

tjjr, -^Q ^^ ^^ *ie steam-pipe should he opened 

"^ ®ion^^l^*^®^®*^^ sufficient time to expand ; 
"^o w^j, ® ^*^owed to pass it with equal care, 

^^ pipes g^radually. By suddenly 
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turning on the steam, a stop valve-box was burst, not 
by steam pressure, but by the expansive force of heat 
tmequally applied. Great care should be taken in 
opening all valves in connection with boilers, so that 
the pressure may come steadily on the pipes and 
cylinder ; as, if there should be water in the pipes, the 
steam may drive it against a bend with sufficient force 
to split it. The same care is recommended when 
shutting off a stop- valve. A fearful explosion once 
occurred by shutting a communicating stop- valve too 
suddenly. Two boilers were opened into a third to 
blow out the water, its own steam having fallen too 
low for the purpose; when this was done the top- valves 
were closed, and both boilers blew up. The whole 
force of the steam was stopped in its motion, and the 
recoil from the valve struck back forcibly into both 
boilers and burst them. The same recoil takes place 
when the flow of water is suddenly stopped by a cock 
or valve. An engineman had been blowing down a 
boiler, but after doing so he found that he could not 
shut the cock on the boiler ; he shouted to his mate to 
shut the " blow-off," and the recoil of the water and 
steam forced a small oak wedge out of the cock, which 
had been left carelessly in the boiler. 

Neither in starting nor in stopping engines and 
pumps should the flow of steam or of water be inter- 
fered with suddenly. 

Experience proves how little notice the destructive 
power of 'Sudden expansion receives amongst unthink- 
ing enginemen. They know practically that if hot 
water is turned into a glass, the chances are that the 
glass is cracked ; but, unthinkingly, they turn steam 
into cold pipes, cold cylinders, and cold condensers. 
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and when these break, the cause is declared to be 
unassignable. The cause is the same — the sudden ad- 
mission of heat into a cold vessel; the effect is the 
same — a smash. 

Before starting the engine, it should be seen to be 
disconnected from the machinery it is intended to put 
into motion, or the machinery should be ascertained to 
be fit to be moved. In either circumstance the engine 
itself should bo examined, lubricated, and drained of 
condensed water. 

In conducting an examination, it is well to remember 
that it is not big things, such as fly-wheels, cranks, and 
beams, which generally give out ; but the smaller parts 
of an engine, such as bolts and nuts, keys, and tiny 
split-pins. The examination should be conducted sys- 
tematically, and not directed to any particular thing 
that may happen to be thought of at the time. The 
whole of the engine requires to be examined before it 
is started. The examination should commence at the 
crank shaft. 

Big-end, — The big-end brasses work best, wear 
longest, and knock least, when tightened up brass to 
brass. They are, otherwise, adjusted by means of a 
cotter, key, and a set-pin. When this plan is followed, 
the cotter and key are not fast. The set-pin used to 
keep them from shifting is liable to be slacked back 
by jars. But when the big-end brasses butt together, 
the cotter or the bolts for holding them can be driven to 
nip them tight, and thus may make a solid connection. 
When bolts are used, holes should be drilled longitu- 
dinally in them, in order to reduce their sectional area 
approximately to an equality with that at the bottom 
of the thread, so as to render them uniformly elastic. 
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Excentric. — The sheaves are generally of cast-iron, 
and the strap of wrought-iron, or it may be of cast- 
iron. The sheaves are keyed to the crank-shaft. The 
hoop or strap is always in two halves, held together by 
bolts and nuts. They should nip tightly together, 
because any slackness would interfere with the lead 
and the working of the valve. 

Orank'Shaft Bearings. — The brass bearings are fitted 
into plummer-blocks, which are bolted to the engine- 
bed. They give very littl# trouble, provided they are 
properly oiled. Should one, however, get heated and 
cut the bearing, or should it wear away faster than the 
other, it throws a very ugly strain upon the crank-pin 
— one likely to break it. As the bearings wear down, 
they are prevented from knocking by chipping a little 
off the upper brass, or by reducing the distance-piece 
between the brasses. But at all times the shaft should 
be maintained perfectly level. 

Glands. — The most important point about glands is 
to see that they stand fair or square with the rods 
which are guided by them ; and that there is sufficient 
packing in the stuffing-boxes to keep the steam from 
blowing through. 

Trimmings. — The trimmings are generally made 
with worsted and a piece of copper wire; and they 
supply the various bearings with oil by capillary action. 
The trimming is made by placing the worsted of the 
requisite thickness on the middle of a straight piece of 
copper wire, which is then doubled and plaited several 
times to bind the worsted just sufficiently to hold it. 
The trimming is then placed within the siphon-pipe 
and pushed down into a position just clear of the axle, 
whilst the ends of the worsted lie in the oil. 




«f ^'^^ long *^ ^^^'^e i8 oil 

^.^^P^*^ ^1< o^ fhe e»g^^ '' stopped, 

^ -.rill ^"^^^ ^^^^^ ; of *^® siphon-pipe, 

_^;«g '^^ciio^'^\\tA ott* '^ ffKere are several 

mines, operate ** - b« J ■<^*'^ 

The trinuni^S ^e cl*^^ 's exposed to the 

the cotton «i»y ^ out- ^.^cki*^ * «boijl^ ^e liil>"- 
may he wet ot ^°f^^o-rod ^efo^®' it » ^ ^e sUde- 
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oyerhauled, and the engmeman has satisfied himself 
that there is nothing in the way of the engine or the 
gearing — as blocks of wood thrown about, or waste 
amongst the teeth of geared wheels — he should proceed 
to expel the air and condensation- water in the cylinder. 
In a non-condensing engine this is efEected by opening 
the cylinder-cocks and admitting a little steam into 
the cylinder until it is warmed and dried. The opera- 
tion is very simple ; but it is not so simple for a con- 
densing engine, and, therefore, we will confine ourselves, 
as the operation is more complicated, to the starting of 
an engine such as requires the most skilful engineman- 
ship. The first operation is to admit steam to the 
jacket which surrounds the cylinder ; the steam warms 
the cylinder, and when it issues sufficiently dry through 
the waste-pipe into the condenser, getting rid of all the 
air and water in the cylinder and steam passages, then 
the blow-through valve may be opened to eject any air 
or water that may be in the condenser. 

If the blow-through valves and the injection- valve 
are closed, the result will be a vacuum, shown on the 
gauge. If not, then the process is repeated until a 
vacuum of 6 inches or 6 inches is obtained. This amount 
of vacuum is ample, and it may be attained without in- 
curring the risk of heating the condenser or the air- 
pump bucket. If the bucket be suddenly expanded by 
heat, it becomes fast, and the result is likely to be a 
bent air-pump rod to begin with. These preliminary 
operations are effected by working the hand-lever, 
whilst the excentric-rod is disconnected. 

All going well, the engine is moved round a few 
revolutions by hand, by means of the starting or hand- 
lever; or the hand-lever is used to move the sKde- 
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ves up and down, to distribute steam on both sides 
• e piston. By this operation tbe engine is set in 
on ureat care must be taken that the engine 
not stop on tbe centre. With a large engine tliis 

incident happenings ib not cre- 
\ '**''^^*V^^O) ^i^fi-We ; nor is it a comfortable 

performance to pinch her off. 
The crank may be in the posi- 
tion shown in Fig. 16, when 
^he end of the excentric-rod 
^^^ should be dropped into gear. 

^^atluHin^^^ ^^® Starting bar should be at 
^' ttie same time taken out of 

over before h ' ^^^^' ^^ ^^^' ^* ™^^ ^^^ * 
^ at first • ^^ ^^are of it. Much care is 

® i's not flooS^^^^^ ^* starting, to see that the 
^one, tbe ai ^^^ water. If the injection is 




air-i 



^ie couden P bucket may not be able to 

'®^ may breah- 'h ^^^ *^^ water rising into the 

^^^m ugang^^ , Wm in halves. 

^ ^^ould be fr^^'" — "W^hen a gauge-glass breaksj 

^be leuo^th ^^ ^Ir-eajdy cut to the required 

^^^ ^o inte f ^^^^d ^^ ®^^^ ^® ^o* *^ allow 

.' ^^^i tie ^^^ ^ t^Jx^ least, either at top or 

e''^^ ^ith a^^^^S^ iixi;o the boHer. The glass 

ioe'^^^^^tube ."^^^ax- :fil^- First, wet the file, 

«^) ^iere y ^^^ tho :fi^^* finger and thumb at 

^^^tr ^^e jSle-^ or ^b^^^ times backward and 

^Kj^^^d^ th'L^^^ss^^ ^^ainst the thumb-nail 

®^^ .^' tli.e^ ^^rfill b^ Ts^ept on the same place 

^^ both f "^HI xxxa^^^ *^^ S^^®^- Take the 

^^^ ^2z^ iands being an inch 
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or two on either side of the scratcli, then attempt to 
bend the glass, and it will break across at the file- 
mark, which weakened the tube. Another way : the 
tube may be cut by inserting a small round file, 
or the end of one, within the bore, to the point 
where it requires to be cut, and then scratching it 
all round with the point of the file, keeping the file 
in the hole ; break the piece ofE, by holding the tube 
still in the left hand and depressing the right. Hold 
the tube in a cloth, or a piece of waste. Very serious 
accidents have happened by pieces of glass entering 
the fingers. The power of sensation and use of a finger 
have been partially lost by such an accident. After all 
the old packing has been cleaned out of the sockets, 
blow the passages out by steam to clear them of broken 
glass, hemp, or india-rubber, and then put the glass 
into its place, taking care to measure again and see that 
it does not interfere with the passages into the boiler. 
Before inserting the packing a small piece of wood 
should be placed on the top of the glass tube, and held 
down by screwing the top nut round a few times ; this 
will prevent the glass being lifted whilst the top is being 
packed. Accidents of a serious character have hap- 
pened through the glass having being lifted up, when 
packing, so as to lap over the hole into the boiler. 
With the precaution noted above, such an occurrence 
cannot happen. The communications with the boiler 
should be opened gently, so as to warm the glass by 
degrees. If hot water or steam is turned on suddenly, 
the glass will snap by unequal expansion. 

When a glass is burst, the water should be turned off 
first, and then the steam. When your hand is on the 
water-plug, the steam from the upper hole is partially 

L 
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before it reaches your hand. But if y^^ 
am first, the escaping water will scald. 
—This is caused by the lateral frictional 
le steam against the globules of water, as it 
ipwards to the surface of the water, and 
iting in motion and drawing upwards much 
h is borne along by the energy and velocity 
ing steam into the pipes and cylinder, just 
f nut-brown leaves lying under an oak-tree 
long in the current of the passing wind. 

natural cause of priming. The principal 
priming is deficiency of steam-space in the 
be want of a good head of steam. This defi- 
; always traceable to faulty construction of 
it may arise from mismanagement. Steam- 
her be diminished or enlarged by adjusting 
he water within the boiler. When a boiler 
water there is no steam-space, and its capa- 
3lying dry steam is practically diminished. 
J the steam-space is limited to the interior 
pipes and the steam-chest. If they have 
acity sufficient to hold as much steam as 
ylinder twenty times or more, the evil of 
a boiler full of water is proportionately 
)inpared with the bad efiEects of small 
lose parts. Steam-space is required to 

steam, so that in the discharge froDi 
he cylinder the pressure in the former 
a any considerable degree, and that the 
hall not exhibit any considerable flue- 
re there is only a short run of steam- 
n-space is absolutely confined to the 
en that is so, as much room as possible 



<^ie.t fflto ,j,°4 t '"" "t each .tr„l, rf a, .,^„^ 

"•■Og- to (ig "; Cyi; '!"' Stoam moTing fro„ ,he »te.m- 
ticpIacDof ,,*<ij) ""f' '^'i"! tte steam ia tho ™ter 
impalaVe m^^'*-* ^. f'^'^S a sudden imnuko, to take 
,._ "^ti^TOMrawn to ,york the engine. Thf 






^ne mujyj.^ ^^n .""^^^vii to work the engine, 'inis 
'ieing a unj-^ ^f signifies collision and confviaio'^ iii 
of water /°»^*jj ".'■»'■»' an a ,vater. Instead of *?^° 
action— ° t]j^ ""inff of steam, 
action, ^j -^lofj^ ^°' plates, there is an i*^* 
feio<!ptl,^®=<.l^^*''o Tiolenoo alternating «i'^^ ^ 
Steairt, t*t- "^'Pioe prevents this, if due of*^ ^Aa« 

occoidin^ "'ll.s, ""ro ap. ^ 4>^ i>».«- 

(icity of ^ to *> used to pi-odace power, TOt*^ i-^^ ^"'^i-^ 
■■Oe preesuro. The groEiter 0< .i*^I "^ 



ii'' 



,^ he preesuro. The groEiter 0< i*'^« 



jju[ aiso -*^^ — piesBuro- .^ne greater 0* i'" 

.^lickiV ^* it " ""' *^° *'*''°' °^ '*8 de»^, 

ly. J^'^tlt ." Oi-pansion by the free caloji ..»' .<?» 

^^r *o hi '° "^'' boiler ehoala to mai»t^<J* ^^f 



.*■!•. 



"^^^ "Pened"'"""'*""'^ point, and tlie till"'' 
°^ ^ » ' **o that tliG steam may be tiat 
S^'Vlri °;i'™ *° "" elasticity ao 1= tb» . ^^ .^' « 
"" W ■" ■™'^ i»i economy of fuel ; ^\.*^j,, 

rodao^^S'inn 18 aUowed to drop, the head of ^ ^ ^ 

nn^fK M, and ino^fl...! „^ iT,„ !„... J-J-; -if -^-^ 






reduo^^^sure 18 aiio^^^j ^^ drop, tKe head of ^ ^ ■* 
fln6^I^,H and instead of tlie valvo cTxtting off ^^ 
ie ^^v\rd ^^ ^^ stroke, it znusfc, ' ixi oT-der to ^^^ 
f at x^=-I of the encine o.zi<l in£i.cliiiiei-V attacl> -^^ 



a( ^^J of the engine o.zi<l mo.cliiiiei'y attacl> ^^i^> 



.^^-t^ 






<i?iHKi/ .j,^^^ --^alf-8troke, and. tlio fl 
"* ^ac/l stroke increases 



ictia.a.'fcioii. of ^ ^^^ 
-fh o G't>xvllitioTi 



r a^ ""^^ *^^* P«i^t Of t^e boUer whence tte steam 
arel^r"* . ^^« ascending currents of steam which 
are tUsposed to fill *-i. ^° • ^v^ost violent 

action, and tlT ^ **^® ^*®*^ "P^^ ^^ ^ „r,Htv 

of waUrt^v^ ^y 1**«>^ friction lift * ^^'^^ *^ w 
tl^e^XS *"" *^"^ of «Pray. Not only so; when 

tides of^rtr^'^^* ^ ««^ibly ^^1* ^ *^« ^^'^'''I^S 
^PixxtothrSei" ^^ other foreign matter a'^^ ^^^ 
^l^ere, ia conf^-Pipes and conveyed into tlxe cylmder, 
f «xy stPoke^?t'^,^«on with oil or grease, tl^^y.^f "* 
J-^>ilera usin^^^" ^'^e of the valve and the cyW^ 
^^ teep plent^^of "''^y ^^ter, particular care as reqmr^ 
it lyP'^ ^ Sx6^^*^^ waiting for the cy tof «' '^^^ 

^P^ti^g ou^J ^*>^ away with it the scrLxri «xid ^ 
P^es. steai„.che«^'*^*ce of^he water, axxa the dom^ 
^^mud. ^^' a*»d cyliader-portB will !>« P^'*^' 

?^«^ particle, of ^^S "^^^^ ^^ ^^^^^^^ *°'^" where ^e 
l>?aer.power i^ ^«Jf ', no system succeeds, wh^ ^ 

pipe fixed near th^*^^' ^^ "^ intem«.l pe« 

supply-entrance t ^ **^ **^^ ^^^^' ^°* 

., The aggreRat«** *^f. ^'yl^**^'- -. ., 4=«rationsin 



The aggre»at« ® cylinder. ^^^rations in 

tliepipefhouU tL^^^i^°"al area of the V^^f^^, By 
ttiB plan the ^^J^t* f^ seotional area or *^«,^f .^eam 

isnmxiinised; ^T^*.^*«P^y *;^"^^,°*^ ^Jrentprto- 

Jno. U ;= „ • * ^ ^* do iiot altogether E»^® f /w»l 
iflg, it 18 an in^n1„„, ,_ , _ » i, -.riolent local 

-i,„n:i.- *"7aAuaWe cheok upon such -vio*" .^ 



Jno- U ;= „ • "• "^ " ao not altogether E*^" , /w»l 
ang It xs an invaluable cheofe npon such -i^iol*'^* ^ 
ehulhtion as takes place whexx the steam ili^ arawnfr«» 
one pomt and especially i£' that point is °^'',,tl 

fTe nu^r*'T" * ^°^« o- snpLhe**^' ." f ^ 
^^r the purpose of prerentza^ priming • i-fc ^^^^^ "" 
^^eases the steam-space r-^ pnming , ^ ^^^ ^^. 

,^e is increased with 'e.c^U^^HffecT^'^ ^^^ ""* 



J. 



«ie top ro„ ^c ''*-'-"I-Vg. 

ftniace to i J^« >,« '™<^° *•? regul.to tlo sct.ou of ths 
fori boiW''**!.^ " tlmilting lioad m front of the 

cnrabJeppjj^ "Vx-el, "^"r" "■ ^'''"S- Some enginemen oim 
men. ^^^.^ _ ^ whicli ottera have given up an in- 

^o^i a t ' there are engmemen and engine- 

who are iv-i^^^l^ 

&Mhh K ^Vlf ° mako alterations; and *'!' °i* • 
Jaritr. A"^ile *° " equal to hia work '^ > t'^X, 
»;?« «l> f' Mnduct tie firing witU ^la'o^'^wi 



th. 



^, "oiler can l>e 



«"e it 



whistle^ ^ J '^ on no system, 
IrregftJ^^tV^J ^^d-pluo- is in dang. 



made aensitivo ^^' 



V*> 



no system, feed it 0, 
:or, and ' 






is a ivijj ^'ity ^oir boiler will one day gV^ ^^^^^^ 



xing- is easily prevented- ^ 



"Vw ^y ./^Q smaller tHe steam-space, %V^ 



J required 



^ i>*\^i 

^^-^< 






^^Itettle 



' a piece of lig-hte<i 



jJaper to ^ 



(y^ 



^'ilytak'^™'''"'"^ boiling- wator? Xlio5*%'^' ^,< 



-<., f >^'^ ., 

0/ tt^^'""*l™ consists in tbe foz-cing- npwards "^^ -^ ^ 

/MT/^^ afer by colder particles : a dixo s\ioccssi<^ ^^^^^^ ^^^ 



"<i/g_ ' "■""■ up, and tho obnllition will 
^Mevennpon so small o scalo 



' />^]^pl£ig ascending a nd deseerxdixi^ is necos9'*;| 

K^^5^ lieat from the heated plates. TTie sO 

^* fie diminislied sx>eGifie gra-vity of 



ARY E14GINE DRIVING. 



heated plate. After ebulUtioii has 

e time, the rising globules of water 

al power, and the slightest addition. 

ibove that of the surrounding mass, 

> force its way upwards through that 

ig in motion a body of water, the 

is continued by the induced current 

towards the cylinder. Hence, again, 

3y an injudicious excess of heat sud- 

the furnace crown plate, or tubes. 

les takes place by mixing waters of 

gravity. If greasy or soapy water is 

a boiler, the grease, surrounding the 

the passage of heat, and they are able 

leroidal state until they are heated to a 

uperature than ordinary water requires 

When their evaporation is effected, it 

ie, and the steam inside the film of oil 

)eak, overheated, rushes upwards when 

meeting greased round globules of water, 

lateral friction, it puts all into motion, 

and priming becomes heavy. 

priming commences all the drain- valves 

nder should be opened, the engine should 

m, all the feeds put on, and the fumace- 

until the water becomes steady in the 

furnace-door should only be opened in 

s. 

several advantages in a liberal steam-space. 

team-space is large in proportion to the 
eam used in the cylinder and the propor- 

should be regulated by this—the pressure 
bhe boiler exhibits no considerable fluctua. 



' Pfessuj. 



-Si"Ac 






tion, the 
fl^taate.aTiTj^'-Q of (i, 

boiler to 



UI 



ivitli iMucr^^ >. , "''pace tliere ia a provision against the 
of fliel^u &!• "^"''oa ia firing, and .foam i. kopt »p 

crampoi ,^tij„^'"'"' '■°Svilo.rity, and -without any ™''.= 
""i '46 '„**«> ^""'y •n'neto. Wkeretlie Btoa^-Wiljt' 

enyaia ° tui "^° furnaoo are conscqU<"^'-%»rt ^"* 
capnbla^ lilT ' '"' tubes, boforo they "t^^^.^ iWi " . 
oifaihe^ ^e " fto proportion of hoat *** '^' Jo, " 
fire-bo:^ Tlj, transmitting to tho water- *'*^oo5> *r 

passa&. ' >i cHemical combination in tl*^ V ^^»^** ^"^ 
toiuj.- to *' "•■•'t tteir- heat as tW' *^^ J^ *'°t o^'", 
bri&^ ^i>»o. '^° oliimitoj-. They posm.9 ^ *\e.*° 
»t '. <it ^ amount of heat, iia ttoy \'' ■t^^ir*"'^ " 
A-,, ^a f/Xbo-pIato, until tliey ^nito ^^t^Z *Z,<' , 

tW «,. '""'-^■='""' "*■ *'"=»'■ toinpoi-attJl-'',i>* -♦ 
*^VliIi "'°™<';=g- plates. But tlie pTopo'v^'>- 
"*> . "P "epends on tto time aviring i <g'* 
™ contact with the cooler tody, the hoV*- 






CHAPTER Xn. 

MANAaEMENT OF THE FIRE. 

Coal; what is it ? Three generations back Erasmus 
Darwin came to the front, and maintained tHat coal 
-as formed out of ancient morasses and forests. C^uD- 
quently, full and accurate information was dispensed 
>m tlie laboratory respecting the chemistry of coal;; 
' the development of the principle on which perfect 
bustion is achieved, belongs to more recent times. 
consists of decayed trees, which lived and grew 
Hundred feet in height, and even more. From 
it is justly inferred tliat this country was once 
'ed. -with a tropical climate. 
±hB feet of these g-igantic trees, there grew 
c ferns, and the roots of both were bedded in 
liich, in process of time, became mud banks, 
a. mud hills, formed hy innumerable tides in 
times. As these baxLks liad once stood high 
^hen were buried during a succession of ages, 
a succession of ages they were left high and 
The finding of organic remains at the base 
pex of the coal rocka shows that their 
rsion has taken place since the creation of 

tion from the state of living woody tissue 



THE riRE. 



"iiprM,i„„3 of ^?°oI, rfoea 

"« clearly 4. tli^ leaves^"!' ''•'"■' "f do^bt tor Ho 

a.. ratified 0^ J'J-nible fe ^"'^ "'•"»» -f fc.. .LLt 

.'"'"■EJ.i.ei i^a,,; -^"t ttopr™-.ee™i„„„ under 
™perfeca„ J-*l it.7 »'°o<J_y matter became .0 Wb.Iv 
P«cn4i?l=l^^'' "^'O-Bioii into coaJ have bee„ taf 
antlmyais .y, tlj. .' 

siod froaj ^Vig ""'' '8 mvioh around us that i> mtrioate 
^'y Hao '^Ut ' , ' ™<"!li light has of kto year, been 
. ^ "^Hr, ""> laboratory, which ha», in "■>" 



elements 



flaence n,, ^th ' f'™'^ "'^ *° imderstand scientifically 
The nl, *1 „ ™'* ■^<» are surrounded, ani "1"" 



ture in 



cv: 



Jt^^.^Oei other. i»v»- 

''"^EH "^"l union of air ,vith the oo«>^°p\ol <"^j 



we know it, was at o-^*^ ^^i? 



M^ 



assocat; J'tll 

tie oo:t,^?l ^J "' ^o tn. ._, 

Mocon.'*'t{ *»' entered, into few men'" 

pale Of '^Ot »»8 of tlio o-rolntion of liglit '^ o*\, i-* .^<. 

longtij Jlt:i^^ gases Ts'ith each other woJ^^^*- ^^""^^^ 

"'"'^^'^'hl^''"' intelligence. Comtnstt" ^'l it>-^„V 

oomlKc, *<li^ '° *"' *'i'> d'sengagomont 0< -O*^.^^ j, 

«H5 ™ XW «■■. supposed to have hoen cl>**,# V*** 

(Hi.^,^V^^ bodies, and to which tKe name ^ ^'^^^ ' <.^ 

Br^Ustio' """i those bodies whioli li"-'^r,«» -^"f^^"^' 

• ^"in out .i"'""''""'''^ *° l>o depliloglstloati;'^*-,'^; .^*'^ e "** 

." the fn„ '"■ Phlog-iaton. Xtis HypotU"'^ > **^**^o' 

%0»n tt! "'' '■■""" "* -r-arianoo tvitt it, fo< -t?^^ .„*?•< 

"♦■o, V """""'O oxides formed t-y co£>^ ^*^*Or < 

if ^ss4m, eight, wtiot oould not tave ^^*'^^»* 



:5>.i 



" -^ ~ "='guc, -wiaicjo. could not 
oi?,^^°°i^istion consistea in dopriv 

tba « of if" eon 

r^/rO^---^^aToisier should Have naw-dcs thi 
■^bat light and lieat coixZ<i "b 



omDustion consisted in dopriving a »T^>^ 
of if" eonatituents. It -was not surpr* ^ >-^<r 
p]iiIo8opliers differed u.j>on tlio point, ^ ^^;^* ^"^ 



<.^^5** 



^^ 



:a,usQd 



STATIONARY ESGINE DRIVING. 

the moment of it^ fixation with a combostible 

any elaborate analyses have been made by eminent 
to ascertain the constituents of coal ; and analysis 
' that the principal ingredients are carbon and 
^n. There are other minor ingredients : oxygen, 




Fig. 17— Imperfect combustion, 

ir, and ash, which determine the econo- 
coal for raising steam ; but, without 
be specific importance of these elements 
be stated broadly that it consists of 
arbon and 5 per cent, of hydrogen, 
ate, these elements are united as a 
aracters and modes of entering into 



UgtledTOtiT'^l-B i ,' ""J* 'a oocasary to .tart tho pyo- 
<48t doe, '*■ it ;. "" ."t^St--, from the li„o a. fi„ ,•. 
tn-o cardin r^^t "Praotioally g-ivingouton mteiueieat, 
ratore. ^ Oo„'i?°. ' ^*'' '■■Ivaiitogeous effect upon 

Tie nut """wna, namelj, saturation nnd tempo- 

rated wffK***^! I 

form C.J1 o '^ ^^"■^ oombnsfibles leoomo ai.lu- 

'!">' Mn K"*-i»l. ?°" '"■ certain fixed proportion'.^ to 
ture Df. '^ «. cliemioal products of combustion , ■ 
I ,t*">-tl« ''""■Pl'^'^'^'i only when the rigW to»l 



-" Dl-ii »* -.-v^.-u. x-*-^ ""-"Jill's oi uuii"-" -.-.-.ura 

oo»«x^ S^ J^P''ontioil of teat to coal, t^". 



leatojj "* >5^^<irocarbons. in ivhicli hyAlO^j, 5**j5^^* 
thet^5,^'^^^ *'I> carbon. After tte ftic * *s%Vi^*° ». 

.hut o1 t>ev,.S»''»<'. or, wlii'oh is tie BaI»'L.*' ^ ^,6^°*^*- 

iH.O^Mx ' """"tor tho product of ootnW> v^'<',ti°? V>»f 

^ J^^Va^ *ygeu coloured with carton. ^^ -t^^ ^° !,»*° 

V^Sios tl ?'■■" »'i<"it tl»o furnaoo. Some '^^ ^, ijl^ti*^" 
V>5 5;°W natural result, not knowinj- *^^#^ ^^'^\l<^' 
Is the '"^ "■' to tli° sweating of tlic 1''!^'=^ " 1^f>v' 

"■Xtio. ''^""O'nperutoro is jnaintainod, »'^3^'',S* -f^ ^^ 
^ omt of air admittod, for every ton o£ cC^t> Vi*' *^»i 
IV-^ Wller and moro can to formoa ty *^ ?. ^ ^^ 
jj^V suppose that, by oijening- tiro tipertnl"' ^'^^ ^ 
s/a smoke vanishes, tbon tlie laycflrogen ntio- ^ ^'^ ^ 
m€^ pgoeiving their proper cLxionti-ty of air -^^ -*<^ 
zi <^* combustion perfect. Tlie f o.rrLaoo « *j£^ ' 
^;»MieBtor«, and tlie projpoi-tion of nir 



,.56 ,-r.TO>*« "^-^ °"^ ^ «* " 

grater m qoantiW, "" • ^^ j, iv- 

«».pl,te. If to »« „, toTtl" 'IlBfflKr- 








J- rilled ei»<n»<=<» °' ' . »«»! 
J-»»«c<»toinP«-«'S^'',7,f who <l<>,™'^r»« 

r^«a«.of ti.« ""'""t" It i. i"»* »* "° J to *• 



foraacets^g. J ojr t»j, „„,. 



'^ustiblen 



""'"g «-;th , a stale of ^"1 'T'- "° °"'°». »-i»i 
J»gl. '?.p«. "» amount of ^^ "" """" " ■-"•''. 

fresifae] t]^*"t.o„- .""•"■bonio oxide on extractor of 

for tie roia^*'o-»„ "^ S''""' »'' •"«'• ^ ■»""» °' 

ieatibr a ? "lis,?"^™ " bright fire eilract. il. heat, 

latent sfa.„*»*io°^ "" gas from that fire, and the 

more iu> ?■ . " ooa^ortod from tie sensible to tho 

latent to „''* j, '"S" ^olxaao of gas being generated. 

W" bofl^'ii *^eiJuirod to reconTert the heat torn tM 

^nd int; ''^*- ^''I'iWe stato. ,,»e 

tlan b„ rjt».t ."'"•'euco of the necessity f°» " -Jo »"' 

'"*r«tt, 'l^ y mixing: nir with fuel o°"^e» '""'I 

'«'-' numerous plans which iMO ^"^ - 



.1*0" 






^*^{^t^ evidence „_ 
^A^ *y mixirig- a.i 

platoa tj by burners. Such are split-ljrl"^, 
M«nj' o« ^l-irt ™^' "i'"-t>03i:c5 at tie briJ^: '' .t>«'i <»S»' 
the Bt(^ * tlj '*«''. hot-uir at tie bridge, atii 't; '^V^ * i^ 

meat ^^li^.^'So plans ore ivorthleaa i,o,c,'l>^^ oB*'*V' 

\\ "- liiriJ*'"' "'"<l«a i»i tJis maroli towat* **- e*'^ ««^ 

IV *^> ^/*«thing. better. ^ ^<?* ^o>°,^».so- 

v'^ "S^Orlr ..*'^'^ inventors were on the wrO<V^ V' -^'^Ai-^ 
W- ^ofth.. i„i .•„ *i..-., i__ , p* ^'l.^ ^^ .. 



^ 






'^^Hcq * *ie labourers in tlais Viranch. c 



■B Ti^„ f'^'''»tiVely unproductive, ■bocauae*' ^ 



.^ 



w, - "'"f fallocy -jiimpefl in fact at ("■ ^i^' i.'^^ ' JV 

-^,j, ' """"l". after it tod left tUe funi*^*^*^.^ ^ 
a^ *•"• Smoke most be ^jr«i-e<i<erf from l<l«^^»-'*^.y^ -^„ 
ft^t»smblB| but wten formed, it miist to jg'*^^'^*^^'^ 
fiaf^^ace, or it will surely go xap ttc chiJ':*^ ^^^^'^^ 
ihey \^g con^'loh. Tlie corbon j>a.rticles in tl^ ^^^^ 
ig^ ^^nobe will not unite -witlx tlie oxygen ^ ^^ 
tamperatiire. By oir-boxes ond. like 
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WaT ^^®®^^^S®d at tt© chimney-top was reduced, but it 
^ ^ V ^^^^^^^ *^® smoke was consumed. What was done 
on c • ' ^^® ^^^^ ^^^ (at. 60°) admitted at the bridge, 
thef^^^^^ ^^ contact with the heat there coining from 
\Yh ^^5^®' ^^^ suddenly raised in temperature to 1000°. 
of f.^ ^' ^^ virtue of its increased lightness, the velocity 
the oh • ^^8^^* ^^^ increased as between the bridge and 
the d ^^^®y or atmosphere vastly superior, as between 
his p^^ ^ ^^d the chimney, before the smoke-bumer put 
^orrxied^^^ in. The draught was improved by the newly 
^^^Jxtit ^^^^®nt of air, whose velocity inducing a better 
^i^ouo-if^ ^f air to enter the furnace at the door and up 
^^^ac^ ^^® bars, produced a better mixture in the 

^oxxt^ 1^* the gases ; and the result was an improve- 

,^^s T>^ /^^®s smoke, and a better result — but the smoke 



"^^*dg«^ • "urned, as many thought it was, beyond the 



f.r^ ^"^cJvi . ^^® tube. One of the most successful plans 

r^^ ^^o ^"^^S^ a current of air to enter the ftimace at 

/ii ^^^ _^ ^as invented by Mr. D. K. Clark. Jets of 




-^o,*^ ^"^"'^^l^^ introduced into the furnace above the door 
!>- ,,^^^ ^^^^'^^^^tion with a supply of fresh, air from the 
^l::i^j ^ are directed over the fire towards tlie bridge, 
^ -b the draught is considerably increased, the 
elements are thoroughly mixed, and com- 
compl^ted within the furnace. Provision is 
^^ adjusting the supply of air. This plan is 
^"iily effective as a smoke preventer. The steam 
^ ViU be seeny is the instrument to draw into 
"V^j^i^f ce, by induction^ the necessary amount of air 
^ ^^ich the combustibles could obtain the requisite 
^ of oxygen to effect complete combustion of 
^s within the furnace. 

^.■^As to the best proportions for the grate, 
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they depend upon the rapidity with which steam is 
withdrawn from the boiler; but, although this may 
vary, there is one thing about the furnace that shoidd 
never be neglected ; and that is, that the grate should 
be of a length just sufficient to insure a complete 
mixture of the gases before they pass over the bridge, 
and here the ingenuity of the engineer is required. If 
he finds the fuel is not burned perfectly, notwithstand- 
ing the plan of side-firing — of which more presently 
— he may seek for the cause either in the arrangement 
of the grate, or the management of the draught. 

In many furnaces the grate is too long. With a 
very long grate — say, 6 feet in length — a material 
proportion of the combustible on the bars, especially 
at the back part of the furnace, passes away into the 
flues without having secured the proper quantity of 
air for completing its combustion. This defect arises 
from the fact of the fuel near the door seizing its share 
of the air, and the formation of carbonic-acid gas, 
which, moving forward in the direction of the flues, is 
arrested by the carbonaceous gases loitering in the 
neighbourhood of the back part of the furnace ; and 
the result is, a second portion of carbon is added to the 
carbonic acid, and carbonic oxide is formed. If this 
carbonic oxide cannot find the oxygen required, to- 
gether with the temperature to be reconverted into 
carbonic acid, it passes away necessarily as half-con- 
sumed gas, and rolls away from the top of the chimney 
in a dark cloud of smoke. Then, with an excessive 
length of grate, there is the difficulty of keeping it 
properly covered with fuel at the bridge. For, besides 
the difficulty of properly distributing the fuel at the 
end of a grate of considerable length, the fuel bums 



]60 s,AT,0.A1.V «<=■'■-» ''""■"'°- ^^^^ 

«»»? f.>ler near the tridge than at °*^J° managed 
to the door. With a shorter gtate toe ^^^^ ^^^jy 

with le„ difficulty; the ■'""s'" "' ^.^ce oi the oo^- 
miform, and i. more actiwmconseq^^ ^^ j^_, „ea. 

eentration o£ the current on a B j^ ,„a tt>e 

Hence, also, the co'"^"'*'"' .'\ I'r an* """^^ 
temperature in the furnace « lu„» > 
Jooro offectivelj prevented. _.„ied a« 1>^" 

Tho fi,ct is! many bo.lers "'J" ,;„„. When 
P-'-iMo, and economy i. »»'"!, ,, .trikingly demon- 
'io ".pplj. of .ir is imperfect ""^7^ smoke d»- 
•'■■''tedeoon after firing h, the «um ear.^ 

j'-'-Sed. although the ™.°'"' /^tt door a Utile »» 
^"-^e it is that the °I'»"°"/,,i'ah«ve the fuel ;»- 
"■^ft „, „jaition.l ?-■"; y ° J,,r, to agreate*"' 
,'?'"''atoly after firing nsuaUy pre, 
^*°>-tt«ti„nof.moke. opinion P»"'^ 

ri,^^>-fe„t combustion. It .s " » =*'2tected «h«. *« 
-fi^ J*^« proTontion of smoko " "^^„„ „„,e n.r 1» 
r^*^^* quantity of air -» "'^^''^Lno more attc*" 
t^;^ there nothing else '-^-"J^-^Ztio^ „t the ff 



»«<i 
«ii. 



^*i 




nere noLu,--^ - - ^tuBtion oi ^^- - 

^-'i. nse of ooal-than '■^-"'^^^ „„,!, «,»,»•«» 

^:C^=«l. that i. tho coko portion »"» „oinb«.tio« ^ 

i^'-'a. be easily *«""' ^?"r!'o.^r to deal Wtl.t"" 

^_ -tWoistho saseou. ^^""l^if .„ppo« oa-^''' 

■ated and consumed. ^^.J"' gj^ thotougUr 



t i» in at Jll 



*«-aBvBiV^j^Q 






^^naco is 



«,™„l, o^<^>- has either b"" '■"* '"^'^'^ »«" «" 

moment ly* W"""" ^•;f * 'o™ «.o firo, a, . natter 
dmeathefo *<-t.s, r""!"! it obtain its hsat? Por « 
oflToshft .•«ljJo "^"''on- of lieat by the coM ooJ re- 
sufficienl in "-« (. ° " °* ''^o furnace, and if the charge 

fie tooa ° ^QnTP""* °'e'- tli° ^Ma of the dre, it i. 

I««k by „ J tQ mstanoea to lower the tempe"'"" "' 

of (lie (u "^Qtr "™'™o*io»i of tlic plates n^" \„i o» 
leads off '^tl^'''"°''°'^ i» "1 ''« direction ^^^^o ''""* 
ejmziie^''»l5i ''•■' i>aa a. tendency to sU<J»'^^j »rf;^°*^ 
UDejtp/ai^ ^X» ?^"^*^ =* boiler explosion, au<3- ^^A^^ ""^-^.o- 
mth tiij*^>>lg * " ''Oiler ttcy would wr>f'^^vS^^» 
set up, tV * or put it down to elcctl^* '^^ '^"^ »■& 

mable j^'^'Htl ** ohurg-o o gas-genoratlnS tf*^ ^^"-X^"^ 
oipnai^r^i^.''"S<' l^a-i^titioa of guaoouB t>^<?r<>°0 
,^ .^*M:. *^i are given out, and unleeB :»^ t-^^ 
' Mi^ ^/Itlantity of air allowed \iy \>A^ ^'*'^'^ v-- ^ 
J li^„_ '"Oaco and olieiaically comlDiao ei^ ^^ ' ^^ 
anri #^i-*?jj.te sinoWe. Tli,, ^ i .^ .rf>^' 









''v'^^Ce is """^^^ *^"*i cr-ea.to smoke. T\ie ^Ji-'^^^'^-^" ^ 
^^0 . , Precisely in tlie condition to reO*^^^^^' ^\5 
'>'«*,,. "'" proportions for complete oovo'^*' ^**-,'^2,a 
™^ 'ttg- What are esonping ? Tbo liydro-o^f'-^^^^^*^ 
^TOnstituents of tHo coal wliioh. foim "^\,i:'^-**^ 



«ing carried awaj' by tbe 



on ^^6 ""'Ilea away oy txi«3 ^ixaes t;o o" - J^ .^ 

aD(f_j- Nie surfaces witK wliicli tiiey- come iJ'- ^ ^\1,^ 
act*, ^tjjecurrentia sufKoiently strong, and tb ^ 



%K> 



.1^ 



f ^ £tlje current is 



^ „.„-, ttey will igTiito on coming ^ 
5«o atmosphere, as may be. soon m ti 



.^f^B^I 



/ 
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• i.f Because ta« 
steamers, or locomotives a. m^;^^ •„ ,^e iutuace 
gases could not find the air tW J^ ., ""'f^CSS 
it is seen ttat, when they n^aetj^ ^ ,i^^ 

instantly combine with the a« ^^ gu ^^^^ „ 

firemanf with great e^ctnes' ^^ ^^^^ ^^^^ tea 
tuaUty/after he has put on a^« i^ contact 

the air and by bringing sutont ^^^^g ux the 
With tie min/te particles oJ^^^thin the i^^^ 
gases, their combustiou xs effeot^^^^^^^ ^^^^ tb the 
and the gases, instead of bemg ^^^^^ ^ay to t 

minute particles of carbon, ^^^^^^ly no smoke 
atmosphere invisible, and conseq ^^^ 

produced. „. Alone the sides ^^^ ^^ 

^ TMckness of the ^^r-rf^aie, having a dept^ 
«Jo^l«i be deeper than "^ f ^^J^^es, and from 3 ^« 
P^froxu 6 to 8 i-^^^tse deptbs w^ be fo^^^^ 
^^^es at the "^^^dle- i^ ^^^^ ^"^^f.' Uv to meet 

tj^^ thus Bomewhat to ^^^ 

V,^ „/ * -n^--^:,, ?he grate, a^* J^^ 1»> 

.86 It IS oenin ^^^ rapidly, aii«i„^__^„^ ^ 




^,, •;,•« behind the times, ^^^'t^ "~^ causing a^^ 
"^Xise it IS Den"* rapidly, ana */» , 

*< a boUer by «°°l^"^,il!Sn about the farnace of » 

^ous axnount of -nt^-^Xuxxd by the use^; 

-Serous nature. ^^ J^BOBSsBxy for every enpfl 



^^^■*«d tie tr^^ tf °''*^^a*-^ ^ ^^"^ / 

«°d as the f> Wr- ^fte^ IT'"' ^^^° or 300" 
gradually J^^fT^*"" ^oxtla J^^ '^^ ^^re Zll I 

TTouid be ^^. ^f about 250° ^^^i^^'^^^e Trould 

infer that tK^'^V^^^^"' ^s alr««^ "^^^ *^« ^^^'''^ 
*^«'eat J^^ V 'decrease ^^^^'^^ mentioaed, there 

«««« of chaj*%^^ ^^-iations which "i^T *^' '* ^ ^^^ **» 

the boiZer. '^^^^ stirring. &l\ consequent upon the 

firms- j« * ^>r^?Ce-nTa+*»« ,"' ^^^® ^ serious influence 

^eZ^ U^^ tia^^i ' ^^'^ ^° °Po^ tte safety of 

S •'^'^^^S Wfo 1 *^^ ^^^^«^ contraction caused by 

edge of^^V^^^t thr Jofxxti'^f tt'^^"* ^^'^^--^^^te 
may not J^^ ^ are moSi^ ^f f urnace'^^ee ^.^.^e 

^1^ \V *■"»»» misobief is done bv lo<'^ ^** A.* 

^ V, * «^'': ^"^ *''°"' ""^ bridge ^ *'?^'»^i> 



tesMi^ .« not aU its 
onte> 18 It resists the 



/// "^^"'ststlie contracting, ana. xjullii^^^ i 

/^^^i«x plate, and between thexxx^ tlx^y ^^'^^ J 

^ieot^^ ^ing strong, the rz vet-Hole is ripjjed op^^ ;^^^ 
^*^% phte, and under sxxcli oonditions ** 
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controctuig fumaoe-plato that is danMged, M a inal(»' 
»f course, because the temperature of the insBr pkite 
i» comparatively uiio2iang:<id. HoweT-er good the boiler- 
»wk maj be, the very best plates are soon rendemi 
W'Uo, and are fractured through the riret-holes, to the 
'ttnunent danger of everybody, by bad firemsnship. 
P" pancake-fire is flat throughout, but tie thickiiMJ 
" SencruUy greatest at tile door, and fiu'nnest near the 
kndge : the air by this iind of fire is restricted nhere 
" *ould tsTO free access, and where if has acceas it 
«™M be shut out. 

^'''e Scooj} Fire. To maintain steam, to consume as 

"ch ,„,„jjj ^^ possible, to admit as liftie cold air as 

^JisibJe, and to work coal to the highest point of 

tbr^^^^' '^® ^® reguires to be made and maintained 

jij^fi" the day to a form resembling a scoop. 

t?oo thinnest part of the fire should be near the 

^^gj ' '^e sfdos weU. piled up, and a good fhicJcnesa of 

ii^iQ^^^inat the brick arch. A fire of this form is built 

ejjto*. *^e principle that air requires plenty of room to 

*b o^. ^'^e furnace and less facility for leaving it, BO that 

^^£i_^ *»ay be a proper admixture of the gOBes, that they 

***.s^^ , ** Jairjy ignited and at the highest temperature 

C:>,-^ ^^ (Irami into the tubes. 

^^buati'on in a furnace thus conducted is more 
^^^^ than in furnaces worked with pancake fires, 
^asa of incandescent fuel piled against the bridge 
^ eotnnl barrier against the air rushing into the 
"■^fntof""''"'^ ""'''' ""■* ■' " " equally eiTectual 
— *_ ^V"'^" 'in equal temperature about the ring- 
** «lon]°r! i'' /" ""'ori"*: by the furnace door, 
"*« raised ■ " ""'"' '^^ *'<>*'om. as in Martin's 

" "emperatizre and expands, by which 
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its volume is increased and its velocity is accelerated. 
To counteract this the fire is tapered^ so that the cubical 
capacity of the furnace for air is gradually reduced 
from the door towards the bridge, and therefore the air 
is brought into intimate contact with the gases, and a 
proper admixture is insured. If the mixture has been 
imperfectly performed in the front portion of the furnace, 
a more complete combustion will take place near the 
bridge, in the neighbourhood of the thickest of the fire. 

Mode of Firing, — The greatest saving is effected by 
side firing and halfrcnd firing, always leaving one side 
perfectly bright. This is the best practical mode for 
accommodating the gases and for properly introducing 
the requisite quantity of air. 

But that is not all ; there are two conditions on which 
complete combustion is dependent — the proper propor- 
tion of combustible gases and air in mixture, and the 
maintenance of temperature. Suppose a furnace-door 
is opened with plenty of burning coal on the bars, the 
steam cannot be kept up. By putting on more coal, 
we are as badly off for steam. The explanation is that 
the gases of the coal and the oxygen of the atmosphere 
combine only at a certain temperature. By side firing, 
the temperature of the furnace is maintained more 
nearly to the required degree than when both sides are 
fired at once. Further, by side firing the intermittent 
expansion and contraction of the plates of the boiler is 
considerably reduced. 

Intervals of Firing. — The intervals between firings 
depend upon the character of the coal, the strength of 
the draught, and the demand for steam. Some kinds 
of coal will not be hurried; if subjected to a sharp 
draught, thei^ fall to slack. Such is anthracite. 



-^t 
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The best way to procure good ^ring,&eeir.mmoH 
economical, and to keep down the coal biUfl, « to 
employ intellieezit firemen. 

Numerous planB have been resorted to fortheper- 
f^ct combustion of smote, and for making flteam out M 
tbe minimom amount of coal, but the best constructed 
{"mention is annuUed miless there is a tMnkmg iieaa 
f^etweea the coal heap and the furnace. 

There is required something- more than shovelLng it 
'Je principles of combustion are to he followed, it 
j^^y are observed, vbo Buffers ? Not the sbovel-mm. 
;* a man in oharee o£ a furnace is a total stranger to 

""PP^y theTefici^y' 

jj. ' has been stated that mechanical appliances for 

the^M^ ^»avea tendency to beget lethargy and to convert 

i,o . ^^«?nien into machines themselves; that there is 

j^ ^/^'^liectual activity required, and that the vacuity 

^^'ert^ ^ mind is fiUed with trash. In support of this 

«ttiojJ* ■** '^ ®*id that many excellent and ingenious 

'P'on^ J *2oiigiiniers have "gone under " because the men 

fy-^^f^^ *iot take to them. If they were asked to give a 

^^^:kx 'f^ ' *^ey would spare no trouble in telling you "it 

■**:k^i _^U]tthem." There may be some truth in this. 



principles affecting combustion, no ingenious me- 
'^"'cai arrangement, no scientific apparatus, can 



-^Jj 
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en pride themselves upon possessing an opinion, 
', no matter how glaringly it may be opposed 



—A good fireman is 



'-^'--^tiofis of a good Firenian,- 

■^^ J^ "^^ duties by three considerations, namely, 

*^<3& p'^^^'"*^^®^' ^"o'^^ledge of the coal, and a 

^or,^ ^^^ principles of combustion. To set 

" general rule for providing an adequate 



■^^y, 
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supply of steam WnnlA 1, • ., , t 

^ere aLtA o« j ^^o^m be impossible unless all boilers 
to bmrhT t ,^f * °^ *!»« ««•"« V^^^^y- ^ °»«n. 
point of prX- ^ ^^ °^ ^"^^ "P *° *^'^ Highest 
^«8t not I ^'^^^^ *** 8^^® *^® ^®8* economical results, 
^"8t kno \^ ^^®>*stand how to put coal on, but he 
*l»e iatn&ce ®^'^» *^at is *o say* tl^e capabaities of 

i*' and abki^° ^^ ^ ^°^ j^^^® °^ ®°^^ ^^®^ lie sees 
can do »,v^ •? *®^^ within reasonable limits wt».at he 

_ WltJl It. T'-U , , , /. _„„1 rwn 



can do with > 'within reasonable limits TVJa.at he 

^ a bitumir, ^^ere are many kinds of coal. TThere 
* semi-bit, • '^^^^ ' *^e'e is a sKghtly bituminoiis and 
^tese are ^.^^'^^ ^oal ; and there is anthracite coal. 
^7 be W ^^^^^®d by their appearance, and they 
cleavage A^'v.** * glance by their colour, lustre, and 
^deal of'.^ ^'^^^niiiious coal, such as cannel, contains 
^^^WcaJi??^ "matter and other ingredients, wtioh are 
much rJ^^^°J^ as hydrocarbon Such coal makes 
^emanS ^^ ™**^« ^«1^ than other kinds °f coal. It 

lTt!f ^^'"^moizs coal, such as VSr elsl^ or antbracitic 
ml, contains very Httle tany matter ^^ "^"k^s but 
Jit tie ash. Comparatively speakine- i* ^ smokeless, 
although not literally so, but what 'etooke it emits is 
^Jean. Under the influence of hea-fc the coal assumes 
^:n appearance which reminds one oib' a b^ad of cauli- 
r^ oyfer. TTelsh coal contains a ver^;^ small amount of 
*< jrjrocarbons, and is therefore the l>«»8t oi steam coals. 
*^^tfii-bituminous coal, such as DerbyisTiire coal, contains 
^SL^^irocarbons to a considerable degr^^s, but not to such 
an esxtent as to require more than orcidnary attention. 

TZJiiose who use steam poorer at a. ^Jistance from the 
TjivVtaouth should use Welsh coal an<3_ semi-bituminous 
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"ul ia equal proportion, wWch .hoald be mixed p- 

'"with rtntirely .mokela» <">»'■ ""ff^Jt: 
PVo rth litfle or no flamaand tk' ie.t *«» "» 
iMwdewent moas on tbe bars ia rapidly »'»»'■"' T 
tlo water in the TJcinity of ths furnace- 

■>Vlujn a miiture of coal is used, there is a d 
""=»' of gas and flame -"-Iiici the current of tledraugM 
"■"MMtoaashalon^the tube, and flues, where ttate 
;» «>i abimdance of heating sarfaoe ready to tate ly tie 
™«- At any „te, a judicioua mi:ifure has a tendency 
^° '"sure a more equal temperature of teat throughout 
t ''oiler. This is a cardinal point. 
,. -'•'■om ,],, ,|^^j, remarls it may be inferred that 
"^ ore fo„ ctosaea ot coals, regulated by ohemicid 
(arr "■'•''Ol'. md that those which contain the most 
o/-^^ matter, that is to say, having a large per-centage 
^!^**tituent hydrocarbons, make the most smoke, 
/a^ ''^^ ^ *'"*''^''' -^ — "Wlen we see a beautifully clean 
rfo»p^~^lobe soUed by a black cloud, we instantly turn 
""Aoi. ^''<' "■■'ok a little. The cloud of black smoke, 
^■^Ji:f^ *«suiug from a giobe or a chimney, ia the result 
^^Gci .^*?^ly the some causes. Jf the lamp is well sup- 



.-"oif 



Ojf ^ 



itJi oil and cotton, and there is abundance of 

'***~ .^*^ smoke, the smoke ia caused by an insufficiency 

^***E*:e, *^ effect perfect combustion of the combustible 

'°*H ^a:^-*' ''» »«ted, why does the lowering of the lamp- 
.-o--,'^* .,^^^«"ayaiake all the difierence between a black 
>-lJ^^^»=- ts^j ° "Wte light P The answer is, the relative 
^s^,.,^^ ^*' of combustibles and air are then exactly 
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CHAPTER XIII. 

iOEMESr op THE rEED-WATEB AND OT 
BOlLEa FEEDEKS. 

Ihe 



«^*fflt aa^T""' °*' "team depends to « consiaerabU 
Water Th ■ °""»ier in -arhioh tie boiler i« fed wia 
'»'« tie m,r.w ■''Olla be, a. fat as possible, to ieg„, 
*«»atoS^ °*« demand-i„.t sutBcient to keep 
w. an „ ' ""e loTel in the Rause-gl-"- ^y "'""K 
■"C r ,'»'P«-t,.re ^y b. »atat^ai>.=i within tie 
M an iI''°^"''y »><» the means of prdlongmg It, Me, 

ffleleed-TOter by the eshanst steam - bo' oP™'""" "e 

nn^ou. that the feed-wr' sI^SA be ^■^^^ ««« 

« mto .nto the boiler. At He fce.t »* ""^ '""*- 

irato- can only be heated to 212° and even at that 

^sBperatupe there is a considerable ' diaer®"" between 

tie temperature of the feed-water an* ""' °' *" 

''toiler- 

JTia objections advanced against tt eating feed-water 
V^ injecting the exhaust-steam in-fc«D it, ^^^ founded 
■^c^i^n the fact of grease having be^iHn found upon the 
sui-ySce of a burnt boiler-plate. T«z* the deposition of 
sucIki grease, in conjunction with cai-t>«nate of lime, the 
\raTii ing of boilers is attributed. r3?here can be no 



J^o 



jj.^? •■»//," «.»3 */»..> ft..?." ..r?" 
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the cooleBt part of tie boiler. It WM for » long time 
maintained tliat suoli was tie proper place for the 
admi«8ion of the feed, to obtain the maximum e-srapors- 
ti™ efficiency. It was this consideration by which the 
earlier loeomotiye builders were led to introauoe the 
feed by the side of tie fire-bos, eyen when cola ; bnt 
when the feed-water is not heated, .ueh praetioo woold 
Mver be tolerated in the». enlightened ^'y"- f "? 
hoder, are fed at a level wt below tbe Sre-lme, ana 
the water, kstead of ^ing concentrated at «• »»gle 
point, is received f,:L tie'feed-pipe ^^^'^^^'"^ 
P'Pe or trough inside the boiler, by '^'j'* '*,^1 f"; 
tabuted in the best manner so as to avoid =5^^ "^^t 
tocondnce to steady steaming. When the ^_^j^^„i,j „^ 
mturally bad, containing impurities of » ^Ues may, 
"•■"omicai nature, tte influence of tie »"^ii<,r, steam- 
by continual watcliing, be detected in to ^^^ refractory 
PPe, and cyUnder. Should the water P^jj„„_ tbe only 
*n the boiler, and have a deteriorating * ^ water from 
remedy is to dilute it with the conde^*^ means of the 
the engine as much, as possible, aiwl J„t in the boiler 
scum-cock to clear the surface of the "W* 
seyeral times a day. bleating tb© 

Jfow, as regards the saving of fuel 3 ^ pressure of 
Aed-water,* if we take a boiler worlciaiS ngphere, with 
-^fl lljs. per square inch above the* at __the total 

^ j.water at 60°— the normal tem:E»c'° ^^ „f 25 lbs. 
-^ .{ absorbed in the formation of »' ^^n2010= — 
■^ijotiTe pressure from cold water w«=ul j„.,ted to 

^g> = 1141-0°. But, if the fef-^^'" Id amount 
T^suppUed at 212° the heat absorW ' _ _^^^ 
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only to (1201°— 212) =9890°, which shows a gain of 
152°, or 12i per cent. 

Although a large measure of heat is economised and 
returned to a boiler in the course of a day by heating 
the feed-water, it must not be considered to be the sole 
element of good thereby efEected. There are others, 
such as a diminution of intermittent expansion and 
dontraction, purification of water, and constancy in 
steaming. 

Feeders. — The necessity of great attention being paid 
to the perfection in principle, manufacture, and action 
of the pump for boiler feeding is obvious. The sink- 
ing of the water below its proper level in the boiler 
has not only caused many explosions, but it has also 
produced a considerable amount of inconvenience in a 
factory by causing the fires to be drawn, through a 
defective pump. It is not an uncommon occurrence 
for a lot of men who are working machines to be 
thrown idle for an hour because the engineman could 
not get any water into the boiler. In modem times, 
with so many feeders, such an accident should not 
happen. But then it does happen, and nine times out 
of ten it happens with the old apparatus — a pump. We 
may notice some of its faults. 

The plunger, or piston, the valves, and the barrel 
may be faulty to begin with. The plunger may have 
been badly turned, and may not be truly cylindrical ; 
the stuffing-boxes too large, they may be badly 
packed, or the pump-barrel may have been carelessly 
and xmequally bored. The piston-pump is sometimes 
badly leathered, allowing air to enter, which destroys 
its efficiency. 

The valves may be faulty in consequence of not 
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having been made of hard metal ; they may be too 
8maU for pasaing hot iratei, and may have too mucli 
Ufl; tiey may be liable to wedge themsel-o-es and 
stiek fast ; they may have been formed with too moot 
taper ; the rarface of contact may be too broad or too 
■Mrow; theTalvea may not be provided with, proper 
Mans ef acce,, for repair or removal. Tl'™« de(«ta 
»juire to be oonBtanay watched. There are a few 
other occasional deficiencies. SometimeB the ™«t.on. 
P'PO is 80 pkeed that it may fail to a''' ^J^f^ *» 
Wer i, W in the weU and half a day »ay l>«» !«» 
a .==amining valves & By the tin." ^'"'^ '""'« 
^a .^en o^t ar^Pleted, Jd the ohao«- -™ 
M dirt foand in the pump, the water «> " , ^^ 

^a. and when the fi^re. «e relighted '^^^^^^^ 
"mst; to work, tte necessarv quantity oi 
"^ a''*^ _^ to be full of 

-again: wten tlie water is knC^ gawdrnt— it 
loreign matter — as straw, chips, Ba» ' ^ ^oea not 
often happens that the engine atteH ^^^ pump 

take any precaution to prevent its e&* gtiainer. In 
with the water by th.e intervention •'^^ strained, the 
districts where the -water requires to guction-pipe; 
airaiaer Bhould not be fixed close "to *■ ^j. should be 
as this would interfere with its acti<r»li. ,^^^ ^^ j^pj^ ^ 
jaced at a distance in. a convenienfc ^°Zora which the 
?Vision in the cistern or reservoix" J i^g easily 

-SmP i« supplied, BO that the imptx^tie ^^ ^^^^ 
,i;^ected as required, a^d removed. :£-^o^ ^^^ ^^^ 3„ 
^•^e division may be made of bn ^^ j 

..ranged as to divide ^^^-^^^^^-^t^atcr supply is 
^ts, into the smaller of wh-h ^^'^ ^^^ p,,,p i^ 

al\-Vered, and from the largei ot 
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.uppUed. Tho c-stem must be covered in to 1»P 
the ,.„,„ free from objecfa that migM be 'tarn 
into it. 

The most ancient pump with whioh we are a«). 
" that of CU.ii,,s. It was a force-pamp whi. 
"Kd before the nature of a Tacumn wa. anderstooa, 
""i therefore was in exi.tence before the saetion-pmnp. 
A force-pump acta by pressure ; a 8uetioii-pim.p ty 
«h«UBtioa. . ., 

. & tie ancient force-pump the water was broogiii 
'."*« the body of tho pump hy gravitation, and it ^'' 
out by a piaton-plunger to any snitaWe ejev»- 
The only vnivo was a stop or foot-valve to 
'''"vent tho water, on the descent of the piston, from 
tie ""S t» the source of the supply. The wafer, 
'■"'■"•■o, found an exit in some other direction. The 
e, ""''ty of „ater obtained at each strote would be 
ojjjj ", *■> a column having the diameter of the piston 
Pu^^^Jigth of its stroke. This was a fery simple 
b6ox- ' ^"^ wien the water was required to be lifted 
'^ea J, the pump, say through a vertical pipe, it is 
&to*- t on the pjston making the out-door stroke, 

E* ^ '^^onJd follow ft and occupy the vacant space in 
j:>^^*"*'el more or loss. If sufficient water followed 
•- - ^=s^*^ti io completely Ull the space left by it, then 
— ^1 n-ork could have been performed, no wafer 
If the space in the barrel was half filled by 



forced 
tion. 






4j^ **-*«:* -^^^ ^^ter, then a usefiil e£ect equal to half the 

X» — ■^ *=**^ "^""f ^ould have been secured, so that for a 

*^^s^^^ the J{it of the water above the pump could 

' «r3^2^°"^3' so far attained as the cubical capacity 

^ ,^^ j^ry.pjpg w^g jgg^ than the cubical capacity 

of the i,„m„ Following this imperfect 






the pump. 
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me^f °! °/ .'J'"*'- "^^ ''"«' '«!■*'«> -"<'" improve- 
head ™l i "'=" ">'"« ™'" "■« '"Mrtion of a 
that ft . *" Pimp-i- the deUvery-pije, so 

piston Tk"^ preyented from returning on the 
and w*ft e ™^^® "^^s made to open from the pump, 
ment » ' '°°'-"Ji'o and a head-TalTe, the arrange- 
Period J^™""'"*® '''' *<» » force-pump. At this early 
forci-„!z°°'''"'"'= pressure was not thought of for 

^^™^^'«"o a vacuum, 
heeau , « P^mp waa put to work, water very goon 

'houet Ik "' '"'^ *^« P™P ™» '"i t" "" "^^ ^'<«'. 
could ,r7- *5!Jd be able to do such a thing noons 
the air,? ^ben the -water is belo« *<? pump, 

aeT,» ''"f ^"^ °* *» top of the water, oo<l " forced 
into tS. ° *^'» delivery-pipe ; then the "ater ri.es 
the w, f TP- We will «Li«e into the cause of 

kwe s^f 'T,^ ^ *-^" •»°nn«'. " ^«^'^"t. ^^Y 
« «hll a belief ttat the pum^ lifts it- ■""= .'"'°'»'! 
Iheo! "P'"'^ " otherwise ?hsn W declarmg that 
tte cause „„4i,^t " nature abhorrea a ^'>™7- „ ... 

hor the real explanation we are iixdeWxl *° *^'''''~ 

and hi! pupil TorrioeUi 

Hofermerphaosopher taught that air hsi weight ; 

«i«iltter showed, by incontroTertibXe exP'"""""' "'''* 

<ie rise of fluids in pumps was owin.g »» *" Pr™°« 

o^jich his master was eiponndins- *° brother 

*ijjjo«)pher8 of his day. These truth-s becam" the chief 

f'^je»*i^*' questions of the hour, anci tbey ar" ■*' this 

<i^^^ of great practical interest ia. -fche "ft of engi- 

^ft^iong. 

y^iricelli constructed a baromete* »:-, an^ he domon- 
fitraOed that the pressure of the aizr on the surface of 
t\ieN=rater would raiso the water fi-o:na the well to the 




^C„ «•!"»? .loior lo*^ ffOl* <i^t, "^ „. i":.lio' 






ed 






balance each other "NT^ - ^i 

Iwndle anJ I, ■ , ''' "«?!»»« "« "'»■«' *» pimip- 
"«nc.t„„„°rfT ^^°'^" together, and then com- 
"■e air ate™ vi, *'™ "''Tating or raising the bucket, 
onlv fr« *i. ®®PS the valve down, because it opena 

i, coaBfeM°tr°''''' • ""'''• ""="-'»''°'«. ■^''™ *« stroke 
beine av space between the valves is empty, 

that the '''°™'' ""^d it would remain so were it not 
"""lates rt^ir"'*'^"^*"' ""' bottom valve gently in- 
'•"WcaM ^'^' **"* ''•'* ""'^ '»'^''" possession of 
the air ■ '^°' "^ sooi" a« the bucket is lo-wered, 
bottom 2"° ■ ""®'y ^'^^"^ " i» compre»»<«i- Tb, 
oPTOed »l!° " ^'^^^ closed, and the buoket-valve i, 
■ilothe'r „„ ° "?"* "•' »™PM through t^e epout. 
tto UTO. , ° S» made, in consequence of which 
fettled 1- " " '=lo»«i a""! "mother vacancy i, 
mt as befojj'' '^"""i enters this phice. and it » pumped 

tt'^S'™"'"' *'"'• *"' at every stroke fte air withm 
™P " rarefied and its elasticity » ■''■"""'bed. 



1 presence is gradually got rid «' '""'i« ^l"" 

to tL '™"'?»°rf'>oe of the wafer i„ the s""""-?'!* 

to the mdererde of the bucket-valve. T""" *°' '^'' 

p^pi.. acted simply .,„X;n^p. , . , 

jVbw, bavmg eihausted or sucked aU *» *'' °"*' 

4here is, as between the interior a.iad t^" «'«"»i of 

*iho P">»P' unbalanced atmospheric i,:i-«s9ure, and by the 

^*5,repoiideratnig pressure of the air ija the wiill outside 

^^B punip, the water is forced up tli«E. suction-pipe and 

^^^rough the bottom valve into the l><z»dy o^ the pump, 

ifc^upying the space between the *i-wo valves. The 

pnnzip is then said to be charged. ^""^^hen the water ia 

pressed by the lowering of the bncX-cot there are two 

cSec ta — one is to close tbo bottom, -v^alve, the other is 
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Tie pl„„g,, air-p„mp js j double-actmg pmnp, 
"ranged like the bucket air-pmnp, except that there 
no head-Talves, and that the huoket-rod ia atted 
"•he ' I Plineer. The effect of this ia that, 
withTh ""Snary bucket air-pump discharges only 
the d- 1 °>'""™ke. the plunger air-pump, owing to 
di».l, ''' """'' caused by the bulk of the plunger, 

Sw'"°V'""*°'''>-»'»l'eas„eU. 

fard ! rr^'""" *e injector wa. invented by Gif- 

ita ;!1 r^""' ^*^ P™«<=o. " l" e<"^'">}^y dene 

4 afhofle" "'^' '"^ "' * """^ °°" ''"'^' 

il'Ll" " f""' novelty *en first introduced, and 

aen »T.v'"°™« a favourite with riul«y e.ig„e- 

™. md the cause is not far to seek. " 'T^'^ J" 

^ «ther wheu the engine wa. disabled, »' -^en the 

^» "as put into a si<Ung. It was a ft'"^ "^ °'"«1 

Si,' '^'"^ <=i'c»mstances:»„ch aa are co"-"" »P°° » 

1 „^ '""^■' » P-"-? coufd not afford ^'^^'^'Z^t' 

^ «er to train-engines that are aelay<* ,7°" *" 

«m hne or on branch linoa by an accidf ' '° fr™'- 

It ujd to be a very common pLtloe "^'''"Z Lw 

ClfflMtoces to draw the fire in order to »"« ''" I" .? 

fo do BO in these days would be to ciege""""' ?" 

^d style. At a small eipeuse, am. iaj»f "■. °"' ^ 

Ji-jovided and attached to every eugime, a""* *" """y 

^.^ffine-touse. 

probably no invention was ever pX«;«x!ei ia the hands 
'S^^ginemen that they knew so little «bou». »™ which 
«asy were yet able to work effioi^antly- *<<!' ™e 
eng-jlneman in five hundred can exj>lE«.:n the action by 
wbiaxh the instrument delivers watesir- into the same 
\»l™- as that from which it is sup;E>lied with steam. 
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Pig. 19.— aiPttrt'* Injector. 



It has formed the 
chief topic c^ yraim. 
discussions over 
many a flowing 
tankard ; it has led 
to hlows ; it has di- 
vided the best of 
mates, for it is a 
"nat" that few, 
very few, in the 
engine-house, have 
' the fortune to be 
able to crack. 

Steam is admitted 
into the injector 
through a cock on 
the boiler, to obtain 
steam free from 
water. When the 
cock is open, steam 
can enter the in- 
jector through A, 
and occnpy b sur- 
rounding the spin- 
dle c. The spindle 
is finished conically 
at its lower end, 
and forms a valve 
■which may be cloeed 
steam-tight at », 
controlling the 
egress of the eteam 
into the lower por- 
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tion of the injector. "When the wheel e, on the end of 
the spindle c, is moved to raise the spindle, steam 
rushes through d, past the mouth of the inlet-pipe x 
leading from the water-supply. The current of steam 
by the suctional action draws the air out of tHe pipe 
leading to the water, and relieving it of atmospheric- 
Pressure, a vacuum is formed in the pipe . betv«reen the 
injector and the water bv virtue of -which it ascends 
*«d enters the injector.' 

.J, .^^°'' °^ *^® injector is entirely due to tl^e con. 
2^/afton of the steam issuing from a cone, a, Fag. 20, 
r^ch must be takeix as representing the power- of the 
2*^ment. Here the steam is condensed, and is 

S^*'"*^ by meaixs of the water flo^i"/ ^^^ «* *l^« 
combining cone b. The united streaixis of water and 
Steam arp -naao^A - ^ ^ . • «^r\e x>> wliere the 

"Jfawce to the entry of the water ^^ " ^^„ ,.fl. ^ 
« experienced. The sectional areas of ^^^^H "t^S 
«« » ttiatter of course, and the areas of ^^t S'7854 
snmUest diameters, are about as 2-0 lOex^^^/^^^^^ 

The injector takes advantage of the s^P^" comoared 
with which steam issues from a Yyffi^^^ * instrmnent 
with water, and may be regardeA &9 *^ ^^ ^ater 
for producing a combined jet of ste»"^ ^^j. ^^^ 
£owing through a nozzle at a Hitter v^^^^^'^^^^ 
>tbat at which a correspondmg 8tr©ja.«i ^i ^ 

^gsae ^'*>«^ *^« ««"^« ^°i^«^ *^at 8upi>Xie9 t\ ^; ^^ 
'ffhen the water comes within -tfc*.^ sooi' 
.nt of steam, it is carried alon&r "fc^iy tl^®.*' . 
^te^AAin actmcr upon it. The water, -v^^jwc*"^ . '^ , 

^e, is pr^ected forward into th« deUvery-pipe. and 
S^^e into the bofler by the imi>.«asive force of the 
Zmn, the velocity of the steam beix^^ due to its elastic 
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pressure. The expansive force of gunpowder is confined 
by the shot to the powder-chamber^ where the force is 
concentrated that ultimately sends the ball hissing 
through the air. So with the action of injectors, the force 
is concentrated by the water at the cone, and instead of 
there being one efEect as with a charge of powder for 
one shot, the injector, whilst steam is on, is always 
charged, and there is a continuous discharge of water. 

The reason why an injector will not work with feed 
water of a greater temperature than from 130° to 150 
is that it requires so large a quantity of water to 
condense and concentrate the current of steam from 
the cone a, that the speed of the water cannot be 
sufficiently accelerated by the force of the steam to 
overcome the virtual speed of a corresponding stream 
of water issuing from the boiler. 

The ratio of the quantity of water entering the 
boiler is to that of the steam used, as about 18 to 1 ; 
that is to say, that for one pound of steam issuing from 
the boiler, eighteen pounds of water are forced into the 
boiler. The temperature of the water is raised nearly 
100° Fahr. during its passage into the boiler when the 
pressure is about 70 lbs. per square inch. 

From this explanation an engineman should be 
enabled to form at any time an opinion respecting an 
injector that is defective in its working. 

"We will assume that, after an injector has been at 
work all right for a short time, it throws off — stops 
working. 

There are three causes by which a stoppage is pro- 
duced : — First, the injector will go off when the water 
exceeds a certain heat ; but it may be argued that as 
the injector took the water at first, why not continue 



IX J EC. 

doing so ? Because the inji 
cool when first set on, anc 
greater or less extent to cool 
heated. Secondly, the water 
had the same temperature 
hotter portion entered the inj 
steam and concentrate it. [ 
throw off when the volume o 
boiler is insufficient to give t 
water, so as to overcome the 
water and steam within the bo 
be said : But the steam work 
Yes ; but the water which has 
was comparatively cold, and thi; 
rature of the steam, and conse 
the cone a, whilst the volume 
same as when the injector was f 
condensed entirely^ and there 
given to the water. 

We never see an invention, 1 
capable of being improved upoi 
the road which reaches to the gt 

Giffard's injector is very sensil 
is very much boxed-up, and whe 
and "off" it wastes much water 
pipe at each operation. 

The advantages claimed for 1 
sham injector. Figs. 20, over the 
first and foremost, that it will 1 
temperature does not exceed 
attended, as every engineman 
advantages. There are occasion 
been stopped, on which the boilc 
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^^^axo, ana wnen it blows off at the safety-valves ; not 
only ^^^8 an unbearable row, but wasting steam. 
If this disagreeable din and waste can be avoided by 
\)lo^i^8 ^^^ surplus steam into the tank, without 
annulliiig the power of an injector, it must, to say the 
least, be of great benefit. Such is the Gresham in- 
jector, of whicb the next recommendation is, secondly, 
that it readily adapts itself, Tvithout adjustment, to the 
varying pressure of steam tinder which, the injector has 
to work. The advantage of this ia lite that of a pump 
which can be regulated so as j'ust to maintain the water 
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yigfl. 20. — Sheward and Gresham Injector. 

in the boiler ^* ^^® ^®®^ working level ; but, very un- 
like the puiopj ^^® water through tbe injector enters 
the boiler in * continuous stream, in place of by such 
intermittent action as is common to pumps. In fact, 
the injector, compared with a pump, niay be considered 
OS a continuous ram with a continuous piston. Thirdly, 
the advantage of being able to withdraw the working- 
r>arts of injectors may have struck many enginemen 
Z^lio bave had experience of them. In the injector now 
^jjder notice, the whole of the internal parts can be 
•^Jidrawn from the external case without breaking 
y pipe-joints, by means of the nut e, and the interior. 



/ 



cocx 



^^1 



cleaned aal tVe ^0- '^^ii^O.ea to tU^ 

the steam up. vjjnts x^ill ^ -«^77»y ^ ' 

Some mquiaUve S^ ^ Waxxt to l.rx<y^^^^J,ii 
injector takes ^lot wat^^' _ J-ne explaixation is ea 8, 






due to the good proportions ^of tlxe -various — -^ .,_^ ^ , 



to the fact of their being fixed a.s xnoxolx "belo-W 
of the supply-water aa possible. 

Instmctions for working the Q-nresTtam I^jec^<^ 
Open the water-supply slightly \>y tlae cock 03=a 
supply-pipe, when, with, a iLOTi-lif ting injector, ■fcln.^s ^ 
will enter it. 

2nd. Open the cock: otl steam-supply pip^ ^^ 
unta water issues freely from, tlie overflow-pj^ 
open the cock full. If water coxitinues to i^^ 
the overflow-pipe, regulate the water supply -^^^ 

overflow ceases. ,. , ^*cj" ""» 

The quantity of feea- water supplied to ^j^ ^^^ 

through the im-ector irxay te in^eased or d^^^ 

IV • ^ ^losinsc the regulatirvJ^-*^^^ ^ 

pleasure by opening or pi«>f™» ,p, • inJ^^^-^^ fi, 

American invention, ooixstxtutes a stiU f«ni;^^r^^^Q 
upontheGiffardinjeotor. .I*"^^'^"^^^ ^T^^^- 
Kg. 21, one-half of w^iol- as a ^^f; ^o^^. ^^^^. , 
lifting jet and a lif tixxg xxo^^le, and the otvH^^>^7 

forcer, consisting of « ^<=>^''^'^^Jt^^ ^ W^^^^^^t 
or injector; theW^ a^*^^*^ Water ^^^Q^ % «, 

it to the forcer, whicl^ ^^i^hefl ° *V? ^^^ ^«^ 

though both the liftix-^. JThe otC>;. 1^^.^^^^''^ 
their proportion, oxxe *? ^^n^^^!^. is ^^^^^^^^«ft' 

inspu.tor does not --?>^^-:;ltZu^J>>V X^' ^ 

^ operati 
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except at the time of Btarting. By means of the inspi- 
rator, water can be lifted 25 feet, and delivered into 




Fig. 21. — Hancock Inspirator. Stationary Bo len. 



a tank or a boiler, as required, with a steam-pressnie 
of 30 IbB, per square inch. The temperature of tiie 



HANCOCK INSPIKATOB. 



vater may be as high as from t 
a lift of 25 feet ; or it may be i 



I'' to 100'' Fahr. for 
! high as 125° Fabr. 




Fig. 22.— Hancock Inspirator. Vertical Section. 

for a lift of 3 or 4 feet. Tbe inspirator for stationary 
boilers is shown iu section, Fig. 22. By means of 
the uppermost valve, the admission of steam to tbe 
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forcing jet is controlled; by the middle vaWe is regu- 
lated the flow of the water delivered by the lifting jet 




into the forcing tube ; by the lowermost valve the over- 
flow is opened and closed. 
The locomotive inspirator, shown in Fig. 23> 
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deKvery, when the steam-valve was throttled, and the 
supply- valve was opened wide, the temperature varied 
from 134^ to 168° Fahr., under pressures varying from 
80 lbs. to 150 lbs. per square inch. The vacuum in the 
supply-pipe varied from 4 inches to 23^ inches of 
mercury, between the extreme pressures of from 15 lbs. 
to 150 lbs. The lowest pressure of steam with which 
the inspirator delivered water against these extreme 
pressures, varied from 11 lbs. to 90 lbs. per square 
inch. 

From the results of another series of experiments, it 
appears that with a lift of 2 feet, for pressures of from 
15 lbs. to 150 lbs., the highest admissible temperature 
of supply water varied from 130° to 144° Fahr., and 
the temperatures of the delivered water varied from 
170° to 280° Fahr. More recently, inspirators have 
been constructed capable of supplying locomotive 
boilers with water drawn at 150° Fahr. of tempera- 
ture. 

Tangye^s Special Steam-pump, with Key. — But few 
modem inventions have, in the course of a few years, 
received such patronage as the Special Pump illus- 
trated in longitudinal section, Fig. 24. The great ad- 
vantage of this pump is that it is double-acting. After 
it is started, it catches up the water and delivers it 
into a boiler in a constant stream, and not in inter- 
mittent quantities like the ordinary engine-pump. It 
is capable of keeping up a constant and steady flow of 
water, and it adjusts itself to the fluctuations in the 
pressure of the steam. It can be regulated to supply a 
boiler with water at the same rate at which the water 
is evaporated and consumed. The motion is known as 
a " tappet " motion ; that is to say, it is one in which 
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the moyements of the valve are regulated by its coining 
into contact with adjustable lugs, with cambs, and with 
a reversing- valve. 

The key to the pump will enable those who hayenot 
yet had experience of it to form an acquaintance with 
the pump. The steam-cylinder and the pump-cylinder, 
A and B, are placed in a line with each other, and they 
are connected by distance-pieces h, the end-flanges of 
which form the covers for the two cylinders. The 
steam-cylinder a is made with a double set of steam- 
passages, one pair of these passages leading from the 
slide-valve face to the ends of the cylinder in the usual 
way, and the other pair extending from near the ends 
of the steam-chest to the inner ends of small cylindrical 
chambers formed one on each cylinder cover, ff. 
Each of these chambers is fitted with a reversing- 
valve G G, which closes an opening in the cylinder- 
cover : these being — except when moved by the piston 
— kept against their seats by the pressure of steam on 
their backs, the outer ends of the valve-chambers being 
placed in free communication with the steam by small 
passages. 

The slide-valve e covers the exhaust-port and one 
pair of steam-ports, and it is made of the section shown, 
so that when it is removed to the right, steam is ad- 
mitted into the right-hand port and vice-versd. The 
valve is shown in the engraving in the position which 
it occupies when steam is being admitted into the left- 
hand port ; the other port being placed in communica- 
tion with the exhaust. On the back of the valve are a 
pair of lugs fitted between two collars, formed on a 
spindle connecting a pair of plungers, d, d, which work 
in the cylindrical portions forming the ends of the 
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valve-chest, c c, and into which the second pair of 
steam -ports, mm, open. i 

The plungers, d d, are for the purpose of shifting the 
slide-valve ; and they are made to work comparatively 
free, so that sufficient steam will pass them to form a 
cushion at either end alternately. 

When the pump is at work, the finger i of the 
starting-lever remains stationary, as the valve does not 
move far enough to touch it. 

The action of the apparatus is very simple. Sup- 
posing all the parts to be in the position shown in Fig. 
24, the piston will, when steam is turned on, move from 
left to right. On arriving at the end of its stroke, 
it will open the reversing-valve g in the right-hand 
cylinder-cover, thus placing the second right-hand steam- 
passage in communication with the right-hand end of 
the cylinder ; and consequently, owing to the position 
of the main-valve, in communication with the exhaust. 
This being the case, the pressure is removed from the 
back of the right-hand plunger d, connected with the 
main- valve, and the pressure of the steam on the inner- 
side of the plunger then forces the latter to the right, 
the slide-valve being of course carried with it. 

By this movement, steam is admitted to the right- 
hand end of the cylinder, and the left-hand end is 
placed in communication with the exhaust. The piston 
then performs its stroke from right to left, when the 
operations already described are repeated at the other 
end of the cylinder. 

The action of the valve is not the same in all the 
Tangye pumps. The section. Fig. 25, exhibits an im- 
proved form of reversing valve, e, k. It will be 
seen that these valves are placed in the passage of the 

o 
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steam cylinder iDstead of in the covers, and tliat they 
work in a direction perpendicular to tbat of the piston; 
the object being to render the valves under all circum- 
Btances absolutely certain in action. The piston, on 
arriving at the end of its stroke, and its edge being 
slightly bevelled, will lift the improved reversing valve 
off its seat. This removes the pressure from the back 




Fig. 2fi.— Tangye's Special Steam-Pump. 



of the right-hand plunger connected with the main- 
valve, and the pressure of the steam on the inner side 
of the plunger then forces the latter to the right, the 
slide-valve being of course carried with it. By this 
movement steam is admitted on the right-hand end of 
the cylinder, and the left-hand end is placed iu com- 
munication with the exhaust. The piston then per- 
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'^J^^\t I!?*' ^He. th^ ^§ 



Starting the P'^'^^v^^T?*'*^^ starting ^ 
pump, tlie cylmder SQOUid fee warxxxed l>5^ 
steam through it and out of xt "by way of 
water cock. Thelever l,5'ig. 24, tlxexx. nxay b© 
hand backwards and forwards a few times, i 
full stroke, but for a sUort portioxx o£ fhe stx-e>J 
so that aU the water may "be'blo-wxx. o^t of th.e» j" i 
and that a regular temperatixxe nxay be 
throughout the working parts. SlioTild the j , 
any time during ordinary wortmg, xnstead qJ 
a fuU stroke, travel to axxd. £ro at one e^ 
cylinder, the plug F ^t tlxe oPP««^*^ ^^c 
cylinder should be xxxxscrewed ^i^d tb« p^^ 
bLwn out by steam, ele^xxea -^^-n^stol" 

A little f * -jjl ---^^^::.^Wd be use^: ■ 

perly. For lubrication, stx ^ ^^^^ ^^^^^^ ^^, 

is better and more g-eii^ ^^^^ ^^^^ g-^jj^j. ^ 
much more economical ^^^ ascertain the ^ 

Delivery of ^«i'^^^;r^^iiver, it is necessa^ '' 

water that a pump wiX*- ^^ntents of that 
late the solid or cn^bic^^ ^^ produced a J 

barrel in which the ^^^l^^^e, and to n^^ 
it to some standard i»^ ^^lade in a given 
the nmnber of stro^o^ ^^ ^^ ^.^ ^ 

pump-ram is nme xtxg^ Txes, ^'^s p^j^i* ^f 
eflfective stroke of 1 ^ -^^^ -- ^ qj. fop ^^ ^^^^ 
found either for eacb. ^^^^^ve tag a^^^f 
The pump illustrated f^^^^ j,^ Oa^^^ 

cubic inches, whicix> *^ ^^al ffali * • i i 

the volume of axx i^^^X to br*^ 4, ^ 
that is, supposing tb-^ ^^ ^ 
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outdoor stroke and the pump full of water, it would 
displace 4*13 gaUons by making the indoor stroke. 
Therefore it is clear that at the rate of 10 strokes a 
minute 41 J gallons would be displaced or pumped out 
per minute ; and at the rate of 100 strokes a minute, 413 
gallons will be displaced, or 60 times 100 strokes; for 
the work of one hour = 413 x 60 = 24,780 gaUons. 
As a gallon of water weighs 10 lbs. the total weight 
delivered in the hour would amount to (24,780 x 10 =: ) 
247,800 lbs. 



CHAPTER XIV. 

CAUSES OF FAILURES. 

It is not an unusual occurrence for a stationary engine 
to break down by more causes tban one, and by causes 
unknown to enginemen. 

One man may have a list of failures, an extensive 
list, whicli he might show to another man, in the belief 
that it exhibited rather extensive experience in break- 
downs, and yet he may find himself face to face with 
facts and incidents quite beyond the range of his ex- 
perience. It is highly commendable to find out the 
cause of a success, but, it is only by knowing how and 
where engines have failed, that a man can be made a 
complete engineman. 

As things are at the present time, when almost any 
man who has the slightest pretence to an acquaintance 
with engines can procure a berth to look after an engine, 
it is our duty to try and meet the evil. That there are 
men in charge of engines who know nothing excepting 
shovelling coal, is a fact ; and they are not to blame 
for getting into the engine-house to change the shovel 
for the " STOP " and " starting " lever. That being a 
fact, for which at present there is no remedy, the 
following list of failures and the causes may be of value 
to those who feel their need of information. A man is 
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before iis wlio is well aware that hot water, if poured 
mto a glass, wiU crack it, spoil it, break it, and still he 
}uriis steam, which is hotter than the water in a kettle, 
into a cold cylinder and cracks that ; which may cost 
two or three hunded pounds to put right again. Here 
is a man who knows that if the water in the kitchen 
pipe is turned off suddenly, he will haye in all proba- 
bility to pay the plumber to patch the bursted water- 
pipe, and stiU he wiU go to his engine and shut off s 
stop- valve suddenly, and is surprised that the steam- 
pipes crack and the boilers burst. 

We will give some cases which have come before us. 
An engineman broke in halves the beam of an engine 
of 80 horse-power, by allowing the injection- water in 
the condenser to augment until it entered the cylinder. 
The water, being incompressible, resisted the " down ^ 
stroke of the piston, the momentum of the fly-wheel 
resisted the " up '* tendency of the water, consequently 
the weakest point between the crank-shaft and the 
condenser was found in the centre of the beam, where 
it parted, and it came down with a great crash to the 
floor. This accident was caused soon after starting by 
not so regulating the supply of water to the condenser 
that the air-pump could discharge it into the hot-well. 
An engineman broke a beam in halves, not noticing 
that the foot- valve of the condenser was out of order, 
which disabled the pump. 

An engineman broke a beam by allowing blocks of 
wood to lie about the engine-house, until they were 
accidentally knocked into the pit of the fly-wheel, where 
they gUded between the rim of the wheel and the 
masonry, forming a kind of break-block against the 
steam on the piston. 
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An engineman blew an excessive quantity of steam 
through the cylmder-jacket, and so heated the water in 
the condenser, that it caused the air-pump bucket to 
expand, and created sufficient friction to bend the 
pump-rod. 

An engineman, by not blowing sufficient steam 
through the jacket, split the cylinder by admitting 
steam into it before its temperature had been suffi- 
ciently raised. 

An engineman started his engine without examining 
it properly, causing some waste to be the means of 
breaking a pair of geared wheels, which incurred an 
enormous amount of delay and expense to the pro- 
prietor. 

An engineman, getting the chill off a slide-bar and 
slide-block, caused them to expand and attempt to 
grip. The slide-bar seized down upon the block, and 
the block seized up to the slide-bar. After he had 
oiled it, it did not appear to improve, the two faces 
fitting so closely as to exclude even a film of oil ; and 
the engine was compelled to run at half speed for a 
time. This mishap was caused through the refuse in 
the oil blocking up the pores in the worsted trimming, 
and thus preventing the oil from lubricating the 
bearing. 

An engineman allowed the lid of an oil-box to fit 
air-tight, and consequently the trimming would not 
act properly. He retrimmed it and still the bearing 
would get hot; he altered the trimmings several times, 
but his efforts were of no avail. The mill, however, 
had to be kept going to finish some important work, 
and by the end of the week the journal and the brass 
were considerably cut. The engine was of course 



^^^ - ^..r■ for repairs. B 

^^ AuteB on tlie two faces were smoothed away, m 

i'^^^^g a perfect air-tiglit joint, excluding the air 

*^«'® Torciixg t^e oil down the worsted pores, and there- 

T^\S a box was fuU of oil and the Ud was oir-tigM 

v,^^ journal would mn wittont obtaining any oil. 

*c ^ res of iournala run hot through the boxes being 

• -"tiKht, and the remedy is seen too frequently 

^^ lied in t^e wrong place, namely, by filing a notch 

'!'^^^i g ■jjox edgo- Sometimes this is made sufificiently 

T -D to mako it impossible for the fall o{ the lid to 

YilUerate it '» ^^* even then there is danger of its 

beooxning air-'''^g^*» especially when tallow is mixed 

witb oil. The proper way is to admit the air througli 

tte centre of ^^ °°ver by a hole, in which a small 

piece of sponge should be placed to prevent the dust of 

the engine-honse entering the box and clogging up the 

siphon-cup. V- ^ J 

An engineman took his feed- water from a brook, and 
allowed some chips to enter the engine-well, which 
^ere drawn np the suction-pipe into the pump, and, 
getting under the clack, disabled it. Time was lost 
in attempting to get the clacks to fall hy pouring cold 
^ater upon the pump to condense the steam under the 
valve. Sometimes valves are held up by the steam in this 
manner when they are seated too high and require lower- 
j^g. The boiler, becoming short of water, the engine 
jiad to stop, and the top clack being up, the second clack 

Qold not be examined, so that the steam had to be 
IjIo-v^ °^ ^^°^ ^^^ boiler and the works stopped, by 
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flue red-hot. 'Where could the water have gone ? It 
went out through the blow-off cock, which was not shut 
close. All blow-off cocks should be carefoUj watehed, 
because they may sell a man at any time when he 
least expects it, through ordinary wear and tear. 

An engineman was blowing steam out of two boilers 
into a third, in order to have the third in working 
order quickly. When he considered that there was 
sufficient in the third boiler, he shut the communi- 
cating stop-Talye suddenly, and hurst the other two. 
When steam is stopped in its motion, it wiU of course 
rebound like anything else — ^like a stone, if you will, 
or a shot. 

The force of elasticity produces motion in the steam, 
and it has a tendency to continue that motion until 
acted upon by some extraneous force. As soon as the 
stop-valve was shut in the instance referred to, the 
current of steam towards the valve was momentarily 
accumulated upon the valve, and the pressure corres- 
pondingly increased. The result was that the current of 
steam reacted into the boiler, bringing to bear suffi- 
cient power and pressure upon the water to burst the 
ooiler. 

«njt° f°^'»^*°' ^y opening a stop-valve suddenly, 

«Piit a hrge steam-pipe, and consequently disabled the 

^8^ne for tr^o days there being no spare elboTv, and 

""ere ^^s nothing eke to do but to wait for one from 

the foundry, 

T^^oarxse'of this mishap, apart from the engineman's 
Tvant of experience, was due to the steam driving the 

X J°''^ ^^*^'' wh.t' .r^'^^-Pipes before it, to an 
elbow or oom^rj where the water, being pressed by 
«»« yelocity ^xxd pressure of the steamf acted as a 
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bullet, and the steam as powder. This mishap stopped 
a flour-mill, and put the miller to much inconvenience ; 
but neither the man nor the master was aware of the 
true cause. 

The sudden expansion of steam has been used to 
throw balls out of a cannon. Now, water, being incom- 
pressible, is, in a sense, as solid as iron confined in a 
pipe, and therefore when a stop-valve is suddenly 
opened, and the pressure and velocity of the steam is 
opposed by water in the pipes, it is only reasonable to 
expect a smash. 

Lastly. When the mind possesses no scientific 
principles for its guidance every act is invested with 
doubt, and any accident which may be caused through 
ignorance is surrounded with mystery. 



CHAPTER XV. 

STEAM-BOILER EXPLOSIONS. 

All boilers, experience informs us, become gTadnaily 
weakened by the working of destructive agents 6:0m 
the moment they are constructed till the time they axe 
broken up. The progress of deterioration greatly 
depends upon the quality of their material, the design, 
and the amount of personal attention given to them; 
and therefore the progress of deterioration cannot be 
estimated at first sight. We are supposed to have 
more experience in the construction of steam-boilers 
than any of our predecessors. Yet, from time to time, 
we find boilers give way without a moment's warning, 
in consequence of imperfections or of mismanagement. 
There is not an atom of truth in many of the nonsen- 
sical hjTotheses which are sometimes advanced to 
account tor such accidents. The most common cause 
of boJer explosions is corrosion, which attacks a boiler, 
outside and mside. External corrosion may be|occa- 
flioned by negUgence of the most culpable description, 
^j. it may occur and work destruction through the 
^^oraaice of those who set the boiler in the brick- 
work- Culpable negUgence is exhibited when the 
t,c,iler plate is exposed to the atmosphere ; the corrosion 
- then a slow process, but nevertheless it is a wasting 
* ^0.y °* *^e iron and its effects cannot be winked at. 
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It is seen when the water from the leaky gauge-cocks 
is allowed day after day to run down the front of the 
boiler. It is seen when a manhole-joint leaks and the 
condensed steam is allowed, from one week's end to 
another, to run down into the brickwork by the side 
of the boiler. It is seen when the condensed steam 
from the safety-valves, month after month, does the 
same thing. It is seen when the fireman or the 
engineman damps the ashes when they are close to the 
plates. All these occasions for corrosion are open to 
view; and it is well known that such leakages are 
causes of corrosion, more or less fatal according to the 
composition of the water. But the worst kind of 
corrosion is that which is due to the setting of the 
boiler on brickwork in such a way that the moisture 
from below and the drippings of water from the mount- 
ings above can find a lodgment in it. There, out of 
sight and out of mind, it eats the plate away to the 
thickness of sixpence. This is external corrosion, 
pure and simple, as it has not anything to do with 
the wear and tear of the boiler. 

To prevent corrosive action of this kind all that is 
necessary is to set the boiler upon fire-lumps, as illus- 
trated in Plates III., IV., V. Again, when boiler- 
mountings are permitted to leak, and the water runs 
down the side of the boiler, it is absorbed by the soot 
in the flue, and formed into a paste, which in contact 
with iron is a formidable enemy, and will reduce a new 
plate to a skeleton in an incredibly short period of 
time. The plan of. building in a boiler with brick- 
work at both ends is out of date ; so is any plan that 
savours of making a comfort9.ble ledge for water or 
condensed steam in contact with iron. 
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^^^ ^ • „ Tliia form of wasting away is 

I^'^^'SZZlt'^TL^^o.. when left to* 
^°^ "* ^ll prodded ttat tWe were rosucheffe 
""?""; xTcetten the boiler internally fired wool 
**^« S later sixccmnb to internal corrosion, either 
*°**^^ rive or local. The action of corrosive agents in- 
extena ^ ^temical, galvanic, and mechanical. It is 
*?°^iMa ^^8^ ^*® effects resemble that of the work of 
® afnarv rust — ^nnifonn. It is gfalvanic, when the 
**y a' beads are eaten off, or when pit-holes are 
f med in t^® tubes and boiler-plates ; or when the 
A of a gauge-glass is consumed in a very short time; 
Ivanic aotioii is very prevalent in boilers fed with 
ter from, a surface-condenser. Not long ago a 
, «jiner was taken out of a surface-condenser, having 
+te soft portion of the eye eaten in holes, but 
t^e steel feces were untouched. It had been in tk 
condenser ni»e months. Galvanism is a species of 
electricity excited, not by friction, but by establishbg 
a communication between two difPerent metals through 
tbe medium of a Uqmd : it is capable of producing ai 
intense beat, and it also possesses energetic decompos- 
ing power. Mechanical action is exhibited by grooves, 
^Hcb are formed by alternate bulging and straighten- 
ing, and is assisted by any acidity which may be 
present in the water. The mechanical action strains 
frets, and fatigues the iron until the skin is broken' 
and the rapidity ot the fracture is hastened by the' 
action of acids in the^ water, which attack the most 
susceptible and sensitive parts, until a division or 
-roove is made, when the water leaks through into the 
far»a°® ^^ *^® ^^^^- ^^oo""ng is generally found in 
tlie ro°*® °^ angle-iron and flanged plates, and at the 
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longitudinal lap-joints of Cornish and of Lancashire 
boilers. This grooving action is due to the strain put 
upon a boiler whilst at work. It is quite certain that 
the contraction and expansion caused by opening the 
door for firing, and by urging the furnace, are very 
unequal, and cause unequal action of a serious nature ; 
and although this action is known and specially dealt 
with by our very best boiler-makers, who employ " poc- 
kets/' " gussets," and welded-in water-tubes, for insur- 
ing safety, yet the object may be frustrated by many cir- 
cumstances beyond control. And what are they ? Not 
electricity, not the spheroidal theory, nor the genera- 
tion of explosive gases, nor a greater deterioration in 
the plates than what was expected under ordinary wear 
and tear. None of these things ; but the want of noKs 
on the part of the attendant. Overheating, overstrain- 
ing, accumulation of deposit, wedged safety-valves, the 
conversion of the static pressure into a dynamic force. 

Overheating may not cause a blow-up at the time, 
and it is well that cold water turned on to heated 
plates is not of itself capable of being at once con- 
verted into a large body of steam ; otherwise many 
more boilers would have been burst. An engineman 
not long ago found the tube in a Cornish boiler over- 
heated, and, fearing the consequences of his negli- 
gence, he chose to risk a kick from his boiler, rather 
than insure one from his master, and turned all feeds 
on, and so regained the proper water-level. But the 
mischief never ends here when such occurrences are 
smothered instantly. It is a well-known fact, if a 
piece of good ductile wrought-iron is heated to red- 
ness over a blacksmith's fire and then cooled suddenly 
in water, it becomes brittle and liable to snap. What 
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Qg 8XA.T1025A.K.* '="- i-ornftce fro"* 

* \xl«der a piece of ^«^®5, vy a p«»^P 

'^ ''^''" '"v.^f wHexi s^ddexily ^^^f^ J,^ support^ 

r^toTHBof wl^cK it is com^sed *^«/^° axon- 

?'^^ged, ^^ex. aixy extra degree ^^^^j^^is 
^^^'^f stwixi— may tear ttem asTinder we .^^ 

*^^ flted it -becomes speedily oxidized, ^ 
overhe ^^^ ©oliesive force mucli reduced. ^j^^ 

tenacity ^p^^e^tly, Q^er-lieatiag is <>^^f^ ,i,ork- 
N°* .ocks \>ei^g in a filthy condition, and »^* ^jj,, 
S**^T^e c^««l^ taps being as fast as a rock—tue 
ft^^®' *r.^&ctioally charged like a cannon, ready ai 
\,ei»g V*^^it season to admit dayHglit through tne r 
cotf'®^ jler-honse. - .t 

o^* tix»es overheating occurs in consequence oi i" 
^""^ ddenly springing a leak, or bursting a tube, 
boiled suct a snrprise happens, an active fireman or 
"WTif^ ^^ rakes the fire out of the furnace before 
eng^^^gcbief is done. An engineman filled his boiler 
^ t^ gashing it out, and went home. He returned 
up ** , ^Q%i morning, and lighted the fire j presently 
** * A a sTi*P^°^°^ that all -was not right, and upon his 
he ^*. • „ the boiler it was found to be empty. He 
e^ain*^ ^te blow-off cock and all the mud-plugs 
e*a^ the hoileT, but he could not disooyer any trace 
*^+he mis^^^ water. "Where was it ? In another 
°* -1 T that "^^ dropped its steam during the night, a 
bo^®^^a ^as formed above the water, when the water 
"^^ Ke boiler -w^i^h had been fiUed was dra^vn through 
o^ * W-pipe, ^^«^ ^^ defectively arranged. 
ti^^^^erstrainwg ^y ^® occasioned by tampering with 
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the safety-valves, taging woigbt, ^^ th£= t*_ «=- 

w«l'-ine the lever do<ro, m. order to obteti^K=»- 
preslnre of steam. Or it may ar.so vVh,^_ tT=._ .^^ 
power not bemg cqu»l to tto ienaarid f„, ^.^ 

at tko va.lvet. and Iho valves T=-ay i^ot <»« lc^^_._ >^ 
^J^ -I UkelV to be m exoesBivo degree of J^ X^Jj^ 

there la Ui-ely ^^ straxi^ing tak„ ^J^^T^ 

.n the pl-t^-_^ ^^„„ „, toiler to 3-pply "^'"^'^iC^ -^ 
At the best of times. *!»« •=3""">ii2"^=^^^^^C* 
^ thoiron in eontaot with the ?>!^5^^^ 
furnace, °"'j°/J„<,. t^., in the jurround;^^ ^ 
maeh r^°'°^Z contact vith the ii™ <I<-«o,<^^^ 
Boiler plates "^ ^ ^j,, time tiej- 1., ^"^ 

noeessarJy »^P'°P „„„ to the am»unt of 

ha. passed tjroug .^^ ^.^^^ation npo, 

plate ^oP'^'^f^lJ out of it, as fo^' f •' 
taking the t""' .^ ,^^ „f,„„<,e of ,i,« . 

impeded, » j^o^s excessive eipanmt) 

heat, whion i' j^ ^^j gtooying, and I ' 

e^X-oT ^i" -"*-■-"' '"'»' --^ '*" -i \ ^'^ 
of tie boUer. „ ^ , , ., 'i '^i^A 

Taio an intarnaUy bred boiler, urged ^ 
Tie ano-tiibo expands; it becomes L ^ 
_i.„., ^,lt^ *t„ ,. . , , . "' 
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^^"^W p^Sof Wer the strain, ax.d the p* 
tSvt 50U wm learxx why grooving and fracture take 
^"^l Zl^ root of tlie angle-iron which loldstheend 
1 te to the shell of the boiler. Any kind of over- 
^ttainii^g ^oa-j he caused by unskilful enginemeD. 
TheY may, ^^^ instance, blow off a hoiler whilstitw 
rv hot, and then turn cold -water into it, either from 
the main or the tank — the intention being ix) wash it 
ni. In soTne districts, such treatment, it is sapposed, 
brings do^im * large quantity of scale. Tie scale is 
uddenly cooled and contracts more quiciJy than the 
boiler-plat®» *^d therefore it is split up in consequence 
of the capri<ao^ manner in w^hich contraction takes 
place amongst its own particles- Here there is not a 
thought as to how the contraction affects the boiler- 
plates. Of course they are affected Jike the scale, but 
upon a scale of greater magnitude, and extending over 
a larger period- Ihe immediate effect is to produce 
leakage in the jo^^^s and the old fractures. The second 
effect is to laa^^.T^'J V a boilermaker with a caulJr- 
ing-tool ; the third effect, following from the second, is 
to cut the skin of the boiler ; the fourth effect, foUowiiff 
from- the third, w corrosion ; the fifth effect is that 
leakage, caulking, sluing, and corrosion are always 
at work ; the sixth effect is a blow-up. It u tj^^^ ^^^ 
that over-strainmg may be caused by an excess of heat 
or by an excess of cold. ' 

J.ccumulation of Deposit or Scak. — Too great 
^accumulation of scale, either general or partial, prevents 
the proper distribution of heat to the water, and the 
beat of the metal is then increased to too great an 
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»' P''?^! r""" " JuS. Every P J'tbera "^s"^^^^ 

«^'"' 'X* °P''-f found *»t '^^insach %^^^\\ 

to the ho* P ^^„ for »- ^_^^_„„,.„„, ^\ A ^ ^^< 

rXl«-"ly ^"^^fcjin^ of the whole .^V ^^ ^j A^<?' 
often remartf ^i„Iosioi. tia« «re tigf ,.> \^ X'^f 
koibl^^ for suoi "P'^™-"™"-. 'o \ «;. 



^2 STAXIO^sARTT EXGimE DBIVIXG. 

f water before it, wWctwiU strikfethe sideofaetai 
**r^ force. Ix.fact,iftlxetanki8iiotve78trM& 
> iuScome bulged outwards, and it rnayaltanatdl 
^1, fractorea. Tlie rmnbling sound is not in the wate 
°^^ ^^Q Bteam. It is the muffled ring of the metal, 
° reduced ^Y blows from tlie water. Heat is the agent 
«Hct produces tb.e miscliief. If the incandesceat 
boilerplate is supplied witb. a gjiven quantity o{ water 
Tindemeath a scale, its sudden formation into steam vrill 
scatter the adjacent scale and carry the water before if 
against the top or sides of tke boiler. iSeale kvmg 
. once been dislodged, fresb local contacts of water viiii 
the heated plate take place, and there is then a 8\icm- 
eion of cone-uke forces of bigb-presaure steam produc- 
ing a successioii of blows, by driving the incompresaUe 
^ater against the crown of the boiler. It is the higUj 
ieated and elastic steam coming in contact with mte, 
which produces tbe mischief. The hot plate is its 
■base ; its velocity is due to its elasticity. The enem 
.of the steatn is concentrated upon the water, which 
closes ixi^P"^ .'*: ^^^^^'''l^^ a projectile velocity, 
as in an ^'^f '^^^^'^ ^° ^^8^^ t^at the point of impct 
rumbles under tbe blow, and tbe whole boiler gives 
notice. 

ate of hme. When the deposit « allowed to accumu- 
late in the boiler, the water, more or less, resembles a 
stir-about, which must be penetrated by the h^i^ 
water or the steam, in order that it may reach the 
steam-space. 

For this purpose, the water must be raised t 
bigher temperature than would be required if th *f * 
were comparatively clean, and consequently th t ^^ 
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When boilers are supplied with water which holds 
in solution chalk, limestone, &c.— carbonate of lime— 
they are not so ticklish to manage as those which are 
fed with water holding in solution sulphate of lime. 
This salt stops up the apertures of the feed-pipe, 
and gradually reduces the efficiency of the pump, an 
effect which alone is no small factor in the causing of 
a disaster. It is also very troublesome inside the 
boiler, as it accumulates between flue-tubes, and im- 
pedes the circulation of water. It also gets into the 
perforated holes in the steam-pipes, cutting off the 
supply of steam. But, more leaking, bulging, and frac- 
tures will follow the use of chalk and limestone water 
than what follows from the use of stone and rock water. 

Once more. "We have a vessel half full of sand and 
the other half full of water, and if we make a hole in 
the bottom, the water will pass through the sand and 
escape ; if we empty the sand out and replace it with 
flour, we shall find the water will not pass. We learn 
by induction that the pores of sand are not so fine 
as the pores of flour. 

When the floury deposit becomes very thick by ne- 
glect in removing it, the plates and tubes are raised to 
an excessive temperature in order to make some im- 
pression upon the water. In course of time, the 
** nature " is burnt out of the iron, and there is then 
great danger of the furnace collapsing. When an 
overheated plate gives way, it is generally pressed down 
— collapsed — showing clearly where the plate had been 
overheated. A particular feature in the condition of a 
collapsed flue when crushed by over-pressure, and not 
weakened by fire, is that the flue is driven in on both 
sides of its axis. 
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Wedging doicn the Safety-valve. — This is a glaringly- 
bad piece of foolery that is seldom harmless. When it 
is detected, the delinquent should be sharply dealt 
with. The safety-valves are adjusted to blow off, and 
to relieve the boiler of an excess of steam which, if it 
was retained, would distort and injure the permanent 
arrangements of the whole structure. When the 
safety-valve is pegged down tight upon its seating, 
there is no escape for the steam, which augments in 
force until the resistance of the boiler is overcome, and 
ultimately the weakest place suddenly yields, and 
destruction is inevitable. Let us look at the reckless 
danger of locking down valves, which is done every 
day. Sometimes the boilers are situated underneath 
office floors, factory floors, under the streets, the pave- 
ments, and the shops ; an engineman locks down the 
valves of a new boiler, just from the maker's hands, 
and he thinks no danger can happen. 

A boiler may be new to-day, and it may be exploded 
to-morrow under the pressure at which it was guaran- 
teed to stand for several years. A boiler may be in- 
jured and weakened in transit between the boiler-maker's 
yard and that of the purchaser's, and who will say any- 
thing about it ? 

A boiler may be fixed in its position, and for want of 
proper support, its back is broken. A boiler may be 
properly tested, and the test may be overdone ; so that 
after the test it is a weaker boiler than it was before it 
was tested, the strain it has suffered remaining un- 
detected. A boiler may be weak before it is tested, and 
the weakness aggravated — not cured. A boiler, after 
it is subjected to intermittent expansion and contrac- 
tion for a time, may open a hidden flaw in the plate. 
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^r nndGr til® 
^\waer may be made to sell, not to ^^'^ ^ 

^o«t xeasoxiable pressixre. A Tx>iler ^^T^^^o, 
Vjurnt by an eiig:ixiemaii and blown txp by nw buv 
iji ignorance of tbe defect. But, However Bomicl x 
^jjjgjnal test and examination may Have been, it i' 
gj^s^et to tbe folly of 'wedg^in^ do'wn safety-valves. 

j'/te conversion of the static _pres8ure of steam i"'" * 
dynart^^^ force, — Wben water flows through a pipe; "^ 
the t^P ^® sbnt suddenly one will bear a sharp clicK 
and 0- '***^®» ^"^^ if tbe pipe be not very strong, i* 
rjl btirst. 
ij^eJi wby sbould we not bxirst a boiler in the same 
ftv in ig^o'^a^ce P Not witb water, but with steam. 
rf^e tbi**^ ^*® been done, and has ended in a f earM loss 
of Bie- ^^® steam from two boilers was allowed to flow 
into a third, and when the operation was finished the 
stop-val^® ^as suddenly shut, and the steam that was 
i89iii»g fr°°^. *^ese boUers being suddenly arrested and 
stopped i» ^*^ motion, struck back forcibly into the 
toilers, lil^® *^® ^ater in an hydraulic tube, and im- 
Tjioged, as ^°^«^« ^^^ body, on the boiler-plates and 
burst tbexD. J. here can be no question *bont the 
sudden retrocession of steam giving rise to an enormous 
force. By '^±;J^^ the bends and elbows of cast-iron 
• aixd copper ^^^'P^Pes are frequently cracked when 
\^ valves ^^ir^^ are suddenly dosed. 

It may safely be concluded that the nrimarv c 

of '^^''''::S^T:^jy ^^^ to coSn^of the 

^® flure is only a relative one » ^* ^® '^^ "^ ^^^ 
P'?'%o the comparative stren^W*'^^ We reference 
only ^^^ ot a boiler on whicli 
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^ess«re « »f„ aio*« ia«»Te e«rt<,a i 
?„« S"-"" nir, ■»«»» ftr^o^"^ 'f'^^aU.*^:, 
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CHAPTER XVI. 

THE INDICATOR AND HOW TO WORK IT: WITH 
ILLUSTRATIVE DDIGRAMS. 

Indicator, 

Yery accurate informatioii respecting the character of « 
steam and its behaviour in the cylinder^ together with. 
the condition of the valve and the motion, can be 
obtained by means of this instrument, originally in- 
vented by the celebrated Watt, and subsequently im- 
proved by Richards, Richardson, and others. 

There is nothing so important about an engine as 
keeping the valve-motion in good working order. 
When the lead is absent, an unsteady action in. tlie 
cylinder is set up ; when it is slightly deficient a Por- 
tion of the stroke is performed with steam of a "DTGaRi 
much under the boiler pressure ; when it is intaof 
of the right amoimt, the engine works un^^i* ^-i ' , 
conditions and with the minimum quantitv ^ 
How far this latter condition is attained can v ^ ^' 
out by means of the indicator without ^^ ^ *^^Hd 
steam-chest or exposing the valves. ^"^Xtig jj^. 

The instrument is not so highly ap-rv^ 
deserves to be, for few private owners of ^^^t^ , 
anything of its capability for telling ^ i ^^^HU 
enginemen who know how to work it »^ ^^> syv^^^^ 



I^M. 



INDICATOR DIAGRAM. 



between. Fig. 26 represents a normal 
gram. It was takea at a slow speed, wl 
and the valve had sufficient time to \ 
movements with grea.t regularity and p 
than when the engix^^ runs at ahighe 
make such a diagranx the valve must be 
working order and "W-^jl trimmed. 

The indicator coixsists of a small ste 
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a vertical position, having upon its face a graduated 
scale. 

The barrel turns on a vertical pivot, on which it 
receives a reciprocating movement by means of a cord 
attached to it at one end, and the other end to the 
cross-head of the engine ; the movement then of the 
barrel represents the stroke of the piston. The move- 
ment of the small indicator-piston represents the pressure 
of the steam at every point of the stroke. The move- 
ment of the either is independent of the other. "When 
steam is admitted to the indicator, the piston rises and 
falls in obedience to the pressure underneath it, pro- 
portionally compressing the spring, and the pencil rises 
and falls. The barrel is acted upon by the cord, and 
revolves to and fro. It should be stated that within 
the barrel there is a kind of watch-spring, which turns 
back the barrel to its original position as the engine 
finishes the reverse stroke. It should also be under- 
stood, that whilst the engine-piston moves, say, two 
feet, the length of a stroke, the motion of the barrel 
can be reduced by a system of levers or by a reducing- 
wheel to suit the length of the diagram required. 

Richardson's continuous indicator is represented in 
Fig. 27. In the interior of the barrel, or paper-cylinder, 
there is a receptacle for a roll of paper, the end of 
which is brought out through a slot. It is thence 
passed round the cylinder, and is inserted again into 
the interior, when it is caught by a slotted roller, 
which is worked in one direction during the motion 
of the paper cylinder. When the diagram has all 
been taken, the length of paper can readily be pulled 
off the roller. 

An indicator. Fig. 28, has recently been invented 
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by Mr. E. T. Darbe. In this inBtrumeut, every means 
baa been taken to reduce the weight of tbe moving 




Fig. 23. — Darke's Eigh-apeed Indicator. 



parte, and consequently their momentum, so as to obtain 
more correct diagrams at high speed than can be taken 
from other indicators. Tbe piston has an area of only 
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^^Piaton-rod is hJ,^^"^^ " ^^'T smaU in diameter, 

P"tox. is fi-oxQ ^ /"^^ow and short. The stroke of the 

<« diagram « 3 , ./^ *<> « "ich, and the greatest length 

^ aT,f ^« «^ *C''^?; ^ ^^ pencil-motion is m^de 

2 ''^'' end a smau ^1^^!*^^^^*''"'' ^^ ^^^S «* 
P"*' or pencil as iT «^^<^^g-Wock, through which the 
ffioTes upon the par.^ "^^y ^^ ^aUed, passes. The pin 
«^TeIled to the fon^ ^"^^ through a slot or guide, 
^t«r. There is, ^/>f the steam cylinder of the indi- 
suding of the pencil *'*»"^«e' provision made for the 
pencil to follow a 8t ^^ *^® pencil-arm, to enable the 
^OTes radially. Tif^^&I^* ^P"gtt line, whilst the arm 
^ne reception of tk ^ paper-drum is made available for 
jn the interior i^ .^^ indicator-paper, which is placed 
oe drawn throuo-C ^^^— ^ continuous sheet— and may 
torn off when a ^ • * '^°* ^* ^^^ '^^ ^ required, and 

-to take a dia **8rani ^^^ ^een taken. 
of a non-cond ^.^^ by the indicator, from the cylinder 
*^e barro?^ Y< *ng en'''"^- thfifirot <^i,.- .•_ j.. ^ , 

le ^^^ penci 

l2.y JT "" *^6 ***ospher.^ ^ — — xxuo wnicn corre- 

/ ^' Pe* «, absolute pressure of the atmosphere, 

t°.d Bteam is /^Uare inch. The cock is now opened, 

^oes not si *^ .„to the barrel of the indicator. It 

done; butto^*^;j^ at what point of the stroke this is 

'?* it is tfojj. ^^:^plify the explanation, we ^m suppose 

a J' ^' '^hl ^t the commencement of the strote a, 

«»a TTiti it f^ ^.^„ra then instantly drives the nistoi*' 

tt r ''' ^S t^^oil, upwards. The ^,,^ ^es f- 

"^^^rneatb .- vS^« x* remains so long as the vx^s0^ 
^^^Sii« «--^«-«^- ^-auXt^" 
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, e takes pla<* 
parrel is p^ed round. ^%^l?^l\^^ZBXn is cut off 
u^ta tlie point c is reached, wbere wi Expansiott 

ty tlie valve, which closes t^« «*^^-PXder is g^d"; 
^ouneixoes, and the pressure m the^ ^j^^ i^t A 
aUy reduced to the pressure indicatea oy ^^.^^j^^ 
If steam of 100 lbs. total pressu^, «/ «^ , ^3 of the 
ressure, in the cylinder is out ott ^\° , another 
Stroke, and is aUowed to expand throug ^^ ^^^ 
8 inches, the volume of the steam is ^f^°^*^\^„g an 



total pressure is reduced one-half (*<>.? ^/''f-^'Xwed i^ 
effective pressure of 35 lbs. ; and if it w 
expand through another 8 inches of stroke, tne 
is trebled, and the total pressure is reducea 10 ^ 
third. This law of the expansion of steam is 
as Boyle's law, or Mariotte's law, after the name 
the discoverera; and it constitutes the basis up 
which calculations of the expansive action of steam 
are made. When it is known what the pressure 
steam ia ia the cylinder before the valve closes the 
port, the pressure of the steam when the valve opens 
tlie port for exhaust can be calculated. At d tne 
pencil suddenly drops, which is owing to the valve 
liaving- opened the exhaust-port to the atmosphere or 
tlie condenser, and at once joins the atmospheric line 
at the eduction comer e. "Now this indicates that the 
e2:2iausted steam is cleared out of the cylinder. If 
th.ere were any steam in the cylinder of a higher pressure 
tHan that of the atmosphere, it would act upon the 
piatozM. of the indica,tor and prevent the pencil falling 
so low as the atmospheric line. 

^Iiozxld the exha,ixst- steam meet with any obstruction, 

UB too jmuoii inside lap, or contracted passages, there- 

32staxio& -^t-jZI be shown by the elevation of the pencil 
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above tie atoxoa h 

cjHnder. From T^° ^®' ^^'^^ represents a clear 
smalZ quantity of+-^^^ ^^ ''^ '®®^ ^^^^ ^^^^ w a 
*ie indicator. As Tf ™ "" *^® cylinder acting upon 
PO'nt / tiis steam • ^'^*°^ adyancea beyond the 

fa^, when tie volim,*^ compressed, and, by Mariotte's 
« doubled ; and if ^® reduced one-half, the pressure 
again, the pressure i *^® volume is reduced one-half 
«»e steam into a hea ^^^^ doubled. The gathering of 
«8 being compressed ** *^® ^""^ °^ *^® cylinder, and 
fleeted by the indieari- ^^ *^® advancing piston, are re- 
there is. If there ^^' '^^^^'^ ^^°^8 ^liat compression 



.'"« IS. If tj^gj.^ '^r, wxucn snows what compression 
Pwton would have J^^^® ^° compression whatever, the 
pression acts as a c ^®^^ ^^ turning the centre. Com- 
«ie direction of its^^**^ ^^ ^^^^ *^® Piston changes 
°^^S sensibly f ^U ?*o*io^» a^d it prevents the change 

-Prom /, then ^^ **^® movements of the engine. 

quence of a smai', ^'^^ pressure is first raised in conse- 

^d the present *^ quantity of steam being compressed, 

*i»e end of tjv ^ ^^ augmented before the piston reaches 

^OTo. tie vaiv ^ stroke by the pre-admission of steam 

at once riaeg * ^^best, when the pencU of the indicator 

ejlinder befo^ ^- The admission of the steam to the 

*o tie lea^ ^^ ^^e piston has finished the stroke is due 

^och coQjj*^^ the valve- Too much lead causes too 

^ vmtea^y ^-Wessure, and too little lead gives rise 

centre. ^^tion of the piston when turning ^^^ 

^J'""^^ o„^ ^^^ced the formation of the diagi^*^„ 
«4mWofl, ^^ :^jLolutioii. ^nd have noted the poiJit o\ 
'"^ease, 4 ^J^ ^f^ ryoint of expansion, c, the poiJ^t <>* 
'^'^Presaio^^ Auction V^^^^' '' ^^ *^« point ^^^'^ 

^^^^^^r diagrams, takeu fconv \>o& e^^ 
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of the steam-cylinder of a condensizig engine, is iUas- 
trated by Fig. 29. There^ the form of the dfagiam ift 
less sharply defined than in Fig. 26, which represents 
a diagram taken at a very lo^w speed. The annexed 
diagrams were taken at the regular working-speed of 
the engine. The treatment of tlie movement of the 




jight-hand 



ig. 29 — Indicator diagraniB. 

** period Of 5Pj?>8i0'^ /' TeA<A of aitto. 

''i I'oiat of ^J^- A^k-pt«w>»- 

Wecia aa pointea. . . If instead of 

shows thaw!^» ^ roui?' ^' ""' %aet ^^"^"^ \^ 

long. S^' °^ it ^> «tifted a Utde ^''Linffle is too 
iufh l£^; ^d~5S^ ^« that the ^^l^%e taster 
the exc^atftv'"^ ^'^'J^S?^' * « ^o foU* t^^e early, an 
or backed. r/^^*ii-eW t^^on wiU coini»^*\g the cianj 
towards tte "^ *^e ^ *o be shifted to^^g too n^^ 

>firular raai^^^PattsioJ'*^ssion period ^^Pf 
^*«^Oe of^^^er.>stead t* 



re. 



»1^^^ sho'vriiig 

" ^ /I it slows 
to ^' 
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that the steam is wire-drawn, that is, that the steam is 
prevented, either by the regulator or by the valve, from 
freely entering the cylinder, and that the pressure is 
reduced between b and c instead of being constant. This 
decline may be caused by the steam-ports not being 
properly proportioned, so as to admit sufficient steam 
through them in time to follow up the piston with a 
full pressure, and effect a full steam-line, or it may be 
caused by the steam being condensed in the cylinder, 
or by water primed over with the steam. It must be 
understood, however, that the maximum pressure in the 
cylinder is not absolutely maintained along the whole 
of the admission-line with perfect regularity, as the 
reduction of pressure and the absence of sharp corners 
at the expansion-point and the release-point is partially 
due to speed, and partially to the valve closing the 
ports gradually to the steam, and not suddenly cutting 
off or suddenly releasing it. 

The maximum opening of the port is attained mid- 
way between the admission-point and the point of cut- 
off; and it is here that the valve begins to close, and it 
may be stated that at all ordinary speeds the steam really 
begins to expand before it is actually cut-off. That it 
is so, is demonstrated by the declining line b c upon 
the diagram. Fig. 29. After the steam is actually cut 
off, it is no longer subject to any change, with proper 
working valves, except that which is fixed by the law 
of expansion, and the line from do d should be nearly 
hyperbolic in its character — ^that is to say, the curve 
should follow Boyle's law. But there are many causes 
operating within the cyKnder to prevent the steam ex- 
panding precisely according to that law. If the 
cylinder is colder than the steam, then condensation 
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-« Jed with Wttfi 

playa a part. I£ tlxe steam is ^<;^^P^'^^temvenm 

or if water is alre«ly m the cyWer, t^e F 

of tlie Bteam wiU rapidly fall. It is ^^^^^^^ ^e 

between c and r/— the expansion P^"^ .^^g 

must look for signs of a valve leakingT- T^ ^,^g i^ 

to Fig. 30, it wiU be seen that the ^^P^.^^^'^ by 

convex at b instead of being concave, wiucli is caua 




Fig. 30.~Indicator diagram ahowing the efTect of leakage. 

^ie valve "blowing/' and admitting: steam to the 

^yUndeir, when it Tvas supposed to have been cut clean 

off. Tlxe form of the expansion-curve is modified hy 

^^e extra pressure thus caused disturbing: the indicator, 

^^d raiding the pressure of the steam in the cylinder 

^ien t;lxe pressure should have been more regularly 

decrea&jLrxg. 

The expansion line and the exhaust line run into 

one app^ax-ent curv.e, for at working speeds the whole of 

the sto»m does not immediately leave the cylinder 

wben tlxo exhaust is opened, and the portion lingering 

behind, regularly expands to the end of the stroke- 

TJxat s-fceam produces a useful effect on the piston after 

tbe ^^-^^^tf ^^ ^^®^' ^® ^^^^ i^ the indicator diagram, 
^•f ^Ixl^t^ the area is augmented by the exhaust-pressure 

^Ix;^ J^tlJPortionofthediagram. If the eduction cor- 
V F^Sr- ^^, IS rounded too much, and the back-pressure 
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line remains too far from the atmospheric line with 
excessive and early cushioning at /, it is a sign that 
the yalve^ having too much inside lap, cannot clear the 
cylinder of steam before the port is closed. When 
engines suffer from this defect, they are said to be 
" wrapped ** up, and a considerable proportion of power 
may be lost by excessive compression. If the exhaust- 
line runs up at the point of compression/, and attains 
a considerable height, forming a large corner before 
the steam is admitted, it shows that the valve requires 
more lead, in order to admit sufficient steam to the 
piston to keep up the working speed and pressure at 
the turn of the stroke. If the opening of the port for 
the admission of steam is late, the admission-corner is 
rounded off as already stated. So we have gone round 
the diagram. 

When a diagram exhibits defects, the first thing is 
to observe whether the defects are shown all round the 
diagram. If they are, they may be rectified by shifting 
the excentric. If all the movements are late, the 
excentric must be moved forward ; and if they are too 
early, it must be shifted backward. But if the defect 
is only local, and confined to one edge of the valve, 
then the remedy is to shorten or lengthen the valve- 
rod. Suppose the slide was producing a good diagram, 
and that for the sake of experiment the excentric was 
advanced, all the points of distribution would be 
affected, of course. The admission would be earlier, the 
cut-off earlier, the exhaust earlier, and the compression 
earKer. If we obtained in practice a diagram showing 
that all these points took place too early, the backing 
of the excentric would effect the required alteration. 
Again, if the valve be right, and the excentric be then 



230 STATIONARY ENGINE DRIVING. 

backed, all the points — ^admimon, cut-off, exliaost, and 
compression — ^would be affected, and the steam would 
be late everywhere. The piston would reverse its 
course before steam was admitted, the expansion would 
not take, place until the piston was well down the 
cylinder, and the exhaust would take place when the 
piston was about to change its course again ; and this 
last defect would be the cause of much back-pressure 
on the piston. 

Causes affecting the edges of the valve. — ^Suppose the 
slide of an engine working all right and that the sUde- 
rod were to be shortened ; the effect would be that the 
steam would enter the cylinder on the top stroke 
earlier, but the cut-off and the exhaust would be later. 
For the bottom stroke, of course, the very opposite 
effects would occur. The steam would be late in 
entering the cylinder ; it would be cut-off and exhausted 
earlier. If the valve-rod were lengthened^ that which 
happened to the top stroke with a shortened valve-iod 
woidd now occur on the bottom stroke, and what 
occurred on the bottom would happen on tlie top. Tot 
instance : in vertical engines it is necessary to eVvft 
more steam on the bottom than what is given tn -VV 
top, to counteract the weight of the pistoix a A 4^Vv 
connecting-rod and to assist in making tlie xit\ 4^ "^^ 

Figure 31 is a diagram taken from a Vertii^ 1 ^ • ' 
and it shows that the engine received uxor ^^S^^, 
the top than on the bottom. This eno^ ^^^ata. q^i 
pearance, worked well, though it lab,^ * ^^ ^^ ^t^^ 
when making the downward stroke. rj, ^*^^Q. Ix^a.-^Vx 
experienced in detecting defects, the ^^ ^^'y oyv ^ 
perfection, but a slight increase of stea-rw^^^^^ r ^^^ 
the bottom made an unlooked-for inap^^ ^^^tiii^^^^ 
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®^gine turned th ^ 

freely at high siJg^ ^^ ^^^*^® ^^*^ ^^^' ^^ ^^^ 

iess fuel. ^^^^ ^^'^ l^ss thumping and consuming 

Sere was a cas 

*>ase .^iiioli affected the edge of the 




Too 



valve. 



How wa^ 



^iagTAm from a vertical steam-engine. 



^^at did the valv *^® improvement to be made? 
«^d that was ao^ ^©q^^^ire P It required to be raised, 
liner between ^i ^^^^pHslied by inserting a Vg-mch 
^© excentric-ho ^ ^^**-®^^ ^^ tlie excentric-rod and 

This card, p* ^^* 
^^^^g the vai^^' ^2, was taken after the alteration of 
from this exajv.^^ iV-inolx was done. It wiU be seen 

^I>le that, if the engine had happened to 




}2 STATIONARY ENGINE DRIVING. 

igines the steam is either exhausted directly from one 
blinder into the other, or it is exhausted into an 
itermediate receiver, whence it is admitted into the 
icond cylinder. The second plan is followed when 
le high-pressure and low-pressure cylinders work 
trough their connecting-rods on cranks at right 
igles to each other ; because, as is evident, when one 
Lston is at the end of the stroke the other piston is 
i about half way, and the receiver is required for 
)lding the exhaust-steam from the high-pressure 
dinder until the low-pressure piston arrives at the 
id of the stroke, and is in readiness to receive it. 
fter the steam has worked the low-pressure piston 

the end of the stroke, it is then exhausted into the 
ndenser. Such is the arrangement of the engines 
om which the cards were taken which we are about 

examine. 

The double diagram. Fig. 33, taken from the top 

id the bottom of the cylinder, is divided into ten 

ual parts ; there are nine whole parts, and the two 

laller ones at each end are equal to one w^oVe 

aking ten equal parts. 

The scale, said to be -jV-inch, represents 1 Ib^ t^y^c 

r square inch of steam on the piston fo v 

-inch. For so many ^-inches as are coxxtaiTi A * 

dinates to the atmospheric-line reaching v^ , ^^tn^ 

jam-line and the exhaust-line there n-p ^ ^^"llt'hfe 

unds of pressure per square inch uport tVi ^^ ^^'8liw 

Taking the diagram from the bottotx^ 4; l?^^toix, 

r, ordinate No. 1 is found, by measur* ^^^ ^vWw 

le, to contain 44 thirty- seconds of ^^^"tt-t ^\x.v ^ 

lbs. is set down beside it. At Jq- "'^ ^^CiV\ ^ 

thirty-seconds of an inch, and * ^ tVi * ^^^ 
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tenti ordinate o 

sure there « „ «, "^*°i»g np tie ten entries of pres- 
giyes 2805 Ibg , ?*" ^^O-S lbs. This divided by 10 
eteam for tie Triofo ***^ ^* *^® mean-pressure of the 

Tie top side is *^^ ^'^^ bottom stroke. 

I^Tes 22-05 Ibg, fyp *;^lculated in the same way, and 

f^'05 lbs. and 22-05 vT ® ™ean-pre88ure. Tie sum of 

y 2 gives 2255 Ik — ^^'^^ ^^^•' ^^ ^^is divided 

stroke. "^s. mean-pressure for one double 

The dinm,.-. -n. 



Tte diagram^ p. 

^- 34, is calculated in the same way 




diameter of "^^^icator diagrrams—measurement of power. 

piston .^^"st^* ^6 ^^er, 44 J inches. Stroke, 45 inches. Scale, 3^^. 
Po^er, 359^0^ !>> ^er minute. Steam cut oflf, 16 inches travel of 
oy 38. -^^^^^gure, 45 lbs. per square inch. Indicated horse- 

^s the one 



Ju 



pressure di^^^ cxplai^®<^> but when dealing with a low- 
-Pbe r^iflrv*.^ ^*^5:^. xi^^fft n.re several "D01TI+ a -*-,v t 4.:^^^^^!. 



^^V^^^to there are several points to be noticed- 
fi beJoTT tj^ v^^ae by tbe indicator-pencil is nearly 
^o^-pressu^^^ atmospheric-line, as the steam iix ^^\ 



fvacuiziQf r. ^^ ,^j. was acting on ttie piston ag^i^^^ 






air 
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the Bteam ixpon the piston is tlius made ^^^Jjl 
^oxking tlie machinery. In tie diagram 
sideratioii, the steam was admitted to the cyima j ^ 
a little al>ove atmospheric-pressure, but acting upo 
piston and in a cylinder from whicli the atmospHere 
tad been withdrawn, we see from the diagrain tne 
steam expanded to 10 lbs. below the atmosphenc-mie. 
TtiB additional work was obtained by condensing tne 
steaxni and pumping the air out of the cylinder, so tHai 
the piston was free to descend when urged by low- 
pressure steam. 

The total number of pounds pressure = 12'90 lbs. 
for the top and bottom stroke, which divided by 
2 = 6-45 lbs., for the mean-pressure on the piston 
throughout one double stroke, or for one revolution of 
the engine. 




-"gr. 34.-:-Indicator diag^rams — zneasurement of power. 

jS^SutfL''/^^^'"^®^'/^^^*^®^- Stroke, 45 inches. Scale, A. 
y«/^ ZnAw' i^P®^ minute. Pressure in receiver, 1 J lb. per square 
inaJi. -"^"^cated horse-power, 3 23f. 

.^b ti^ork out the jTndicator Sorse-power. — The measure 
? nnS^l^^"^^^^ ^® ^ working force that will raise 

Gd ZzojnsG ./^02^-pounds in one minute. Indi- 

b tbG i^^^^f"" "^f ascertained from diagrams taken 

^«c3zcato:r :fx-om the top and the bottom of the 
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<^ylmder of the en.' 

average pressure d -^ ^ ** ^^^^- ^^® ^^^ ^^ 
tamed in tie Tray ^^^^^ *^® ®*^^^® ^^™^& ^^^ o^" 
^ generally made h^ "^^^^^ ©^plained, tlie calculation 
cylinder, md midti^^ - squaring the diameter of the 
gives the area of th ^^^^ *^^ product by -7854, which 
tie steam is exerted ^f.?^®*^^' ^^ ^^^^ *^® pressure of 
average pressure pe/ "^^^^ multiplying by the mean or 
then by the number ^^^^^® ^^^ throughout the stroke, 
per minute. The pr ^^ revolutions made by the engine 
^ one minute. Thi^ ^^* expresses the total work done 
liow many times 33 ^ *^*^ ^® divided by 33,000 to find 
iigh in the minut ^^®' ^^^^ ^^^ ^®^ ^^® ^^* 

cator horse-power ^' ^^® quotient is the actual indi- 

Example fron^ ^. ^ 
forked out, at tlx indicator card we have examined, 

-Nominal Sor ^ ^^^ ^^ *"*^® ^^'^• 

the area of the J^^^^^er is generally calculated from 

to the speed of ^^*^^ as a datum, without any reference 

be judged th^|. *^® piston, or to the pressure. It may 

£cance. T|j ^he term may have very various signi- 

terai is aimpjw ^ is no fixed area for horse-power. The 

^ commercial expression. 



CHAPTER XVIL 

ARITHMETIOAL CALCULATIONS FOR ENGINEMEN. 

SIGNS USED IN CALCULATION 

= Bignifies Equality 

-(- „ Addition 

— „ Subtraction 

X n Multiplication 

-f- ,y Division 

I 1 1 r „ Proportion 

^ „ Square root 

^\/ „ Cube root 

3^ ,y 3 is to be squared 

33 „ 3 is to be cubed 

24^5 X 4 „ that 2 and 6 « 7, and four times 7 = 28 

^\fP — 3* = 4. This reads, 3 squared taken from 6 

squared, and the square root extracted . = 4 

' /lO X 6 
' -^ — = 1*687, reads, 10 multiplied by 6 and divided 

by 16 ; the cube root of the quotient . . = 1'587 
SIMPLE FROFORTION 



as 3 added to 2 


= 6 


„4 + 2 


» 6 


,.7-2 


« 6 


„ 6X2 


= 12 


,,12-^2 


= 6 


„ 2 is to 3 as 


4 is to 6 


n \/16 


= 4 


„ V64 


=: 4 


,,32 


» 9 


., 33 


= 27 



V 



When we have three numbers given, this rule teaches 
how to find a fourth number, which may have the same 
proportion to the third number that the second has to 
the first. 

Thus, if the three given numbers be 3, 9, 4, it is 
required to find a fourth number which will have the 
same proportion to 4 that 9 has to 3 ; now the 9 is 3 



^ 









ald multiply t»* ^^e fii.t. 

together, an* "" 



times 

To . 
Ilu83:9 



12 fU»* 



.,..^— r-" 



I 



. 1" 



130- 
1020 



ta-ll""^ ^^ this 






'^>, 



<imxei« *V« «*°^„t '"'d «Bd'iii,-^A 



41 !20 ^1!^ ^^ 



4) 320 
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ponndB will Is. 8d. buy P Here the answer is to be less 
than the third term, and it is pounds of tallow and not 
money ; therefore observe, 

Fence. Pence. Ibe. 

80 : 20 : : 16 

16 

120 
20 

80) 320 

4lbg . AnB. 

JDECIMAL8, 

By decimals are meant tenths. Decimal arithmetic 
is the simplest possible method of working calculations. 

It is worthy of special attention that, in decimals, 
the dot performs a very important part : separating 
integers from ciphers, or the fractional parts from a 
whole. Decimals, contrary to vulgar fractions, are 
written in one line like integers ; and they are, in all 
respects, worked out in a plane-sailing way. 

Dedmal fractioxia are written thus . . -25: -5: -76: 

Their equivalents in vulgar fractions are written . i i f 

The value of a decimal is altered by placing ciphers 
to the left, but not by placing ciphers to the right. 

Thus "05 rzi: t^tt 5 ^^d, by placing a cipher to the left, 
tb© decimal becomes -005, or t^^, which is ten times 
less than tH- 

^J)DITION OF DECIMALS. 

Add 4-15 ; -002 ; -3 :~ 

4-16 
•002 
•3 



4-462 
Obsenre tlie position of the dot. 



8 '"""a.tRi 















'^^-i 






■02 



boOl the 






'rfcZy-'-ci 
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DIVISION OF DECIMALS. 

BuLE. — Divide as in whole numbers^ and mark off 
in the quotient as many decimal places as the dividend 
has more than the divisor. 

Divide 72125 by 6-25. 

Dm. Dhridnd. Qnot. 

6-25)72-1268(ll-64 
62 6 



9 62 
6 25 

3 375 
3 125 

2600 
2500 



The cipher in the dividend is brought in and shown 
above as making the number of decimals in the 
dividend equal to the number in the divisor and quo- 
tient together. 

ItEBVCTION. 

To reduce a Vulgar Fraction to a Decimal. 

EuLE. — Divide the numerator by the denominator, 
annexing as many ciphers to the numerator as may be 
necessary. Point off as many decimal places in the quo- 
tient as there are ciphers annexed to the numerator. 

Eeduce ^ to a decimal. 



AA 



4)100 Observe 2 ciphers added. 
'25 Ans. I, 2 decimals cut off. 
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Eeduce | to a decimal. 



AA 



4)300 
'75 Ans. 



Eeduce f to a decimal. 



AAA 



8)7000 
•876 



The annexed table, of decimal equivalents of the 
fractional parts of an inch, is calculated as above. 



Vulgar Fraction. Decimal Equivalent. 









I 



A 
^ 
A 



•03126 

•0626 

•09375 

•126 

•15626 

•1875 

•21876 

•26 

•28126 

•3126 

•34376 

•375 

•40626 

•4375 

•46875 

•5 



Vulgar Fraction. Decimal Eqniyalent. 



iA 


•63126 


JA 


•6626 


l* 


•69375 




•626 


tis 


•66626 


Ia 


•6876 


A 


•71876 




•75 


A 


•7812 


A 


•8126 


A 


•84376 




•876 


Ia 


•90625 


|a 


•9375 


Ia 


•96876» 


1 


1-000 



To reduce Money, 8fc, 

BuLE. — ^Divide by as many of the lower denomina- 
tion as make one of the higher, annexing ciphers at 
will. If there be several denominations, proceed in the 
same manner with each, beginning with the lowest 
denominator. 



* Beads — Decimal nine six eight sev n five. 

R 
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Reduce 126. 8^d. to the decimal of a pound sterling. 

(4 farUungB=l pezmy 4)100 
(12 pence=l BbiUing 12)8-2500 



(20 BhilliDg8=:£l 20)12-68756 



'634376 =decimal yalue of 12s. 8|d. 



To re- value tHs decimal^ multiply it by the yarioufl 
fractional denominations of the whole number, cutting 
off from the right hand of each product, for decimals, 
a number of figures equal to the number of decimals 
given, then multiply the remainder by the next lower 
denomination, and proceed until the lowest is reached. 



•634375 
20 


6 decimals. 


12-687500 
12 


6 decimals cut off. 


8-250000 
4 


tt tr 


1-000000 


ft II 


Ana, 


128. 8^. 



To find t/ie Value of a Decimal. 

EuLE. — ^Multiply the decimal by the number of tte 
next lower denomination which is equal to one of its 
present denomination. Out off ofi many places as there 
are places in the multiplicand. 

Find the value of '75 foot. 

•75 

12 

9-00 Ans. 9 inches. 
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Find the value of -3875 of a £. 

•3875 
20 



Find the value of '375 ton. 



7-7500 
12 


Aiu. 




9-0000 


7s. 9d. 


'5 ton. 




•375 
20 






7-600 
4 






2-000 


Ans. 


7 cwt. 2 qn. 



INVOLUTION, 

When a number is multiplied by itself, the product 
is called a power, and the number multiplied is called 
the root. 

Thus 2 X 2 = 4. Here 4 is the square or second 
power of the root 2. Again, 2x2x2 = 8. Here 8 
is the third power of 2. 

JEVOZUTION 

Evolution is the method of finding the root of a 
nmnber. 

To extract the square root of any given number is to 
find a number which, when multiplied by itself, will 
produce the given number. 

Extract the square root of 55225. 

Rule, with Example. — ^Divide the given number 
into periods, that is, set a dot over the unit and right- 
hand figure, and then over every alternate figure 
towards the left. Find the square root (2) of the first 
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period (5), and place it in the quotient Snbimt tie 
square of it (4) dErom the first period (5), md to tie 
remainder annex tlie next period (52) for a dividend. 
Double 2, the root already found for a diyiBor, and 
place it (4) to the left of the dividend, lookmgnponii 
as 40 and not 4. After finding: that thk diydaor (40) 
will go 3 times in the dividend (152), place the figure 
representing the number of times in tie quotient, and 
also in the divisor, making the latter 43; then multiply 
the 43 by 3, and subtract the product Bring down 
another period (25). 

Ill forming the second divisor, 465, double tiie 
last fig^® (3) in the first divisor, and loot upon it 
as 460. After finding that this divisor (460) will 
go 5 tildes m the dividend, place the 5 in the quotient 
and diirisj^' making the latter 465 ; then multiply the 
465 by *^® ^ J^st placed in the quotient, and sub- 
tract tb^ pr<>duct, which leaves nothing; 235^ being 
the ansvv'ei'- 

66226(235 
4 

43)152 
129 

465) 2325 
2325 

What is tbe square root of 177241 P 

177241(421 
16 



82) 172 
164 

841) 841 
841 



^^^ 
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t of any gi-'ven- TQ-Mn^'V. > , 

To extract the c"J® ^^^^ multip^«^ ^^^^\>5 -y!^ 

fi,a a number w^c^^^^^,. ^^ ^ ^ 

a produce *^«^i.B.-Make * f^^^.^^. ^^.^ ^ 

R™^' ^ . ^^be unit or r^g^ ^o^a.^^^ ^^^ 

figure, beginning a^ ^^jnibers »»<*- 

to the left with ^rxo\& ^ -pXa.ee «xe toCF] 



in decimals. ^^ _f 884736 - . - ^xx*, «>^ ^® 

Whatisthecuber^.^^^tlxe <l-^^^SoA C88*)- 
of the first period ^^^f>J^^^^^\ S^^ ^^:rJ^ 
and its cube C729)^j^'^*, K^^^^^^^^J^^ 






tract, aud to tbe '^°*^,736) - ^"^ 

period of three fig'^'gl) ^V ^^Si 

the (quotient (9 X ^ "^T ^ jjx *^f--,i3r «**:;ttC* *^« ^v ^ 

tc/ofteaitisco^^^^t. ^^^^SS V^^*fpi'«^ S 

number (6)in the ^^o*^^a to *^ (^K !^^by «ie ^V 
tyttonumberCe)-^ otietvt^ a<»^* ^ ^^^^ 

except the Ifts* «^ ^ ^ i, J^ ^ i^ . ^ > 

of the h«t. ,4 the cube ^ ^j,e ^ %^ 

qooUent, ana 

di^dend; thus-- 84,36(96 A- ^ 

9720- 9 >^g 
216 cnlw oi '^ 



246 8TATI0NAKY ENGINE DRIVING. 

^l664S(22 
8 

2 X 2 X 3 » 12)26^6 

Here, after squaring the root of the first period, we 
multiply it by 3 = 12, and, rejecting the units and 
tens, we find the diyisor is contained twice in the divi- 
dend, which is put in the quotient, making 22, the cube 
root of 10648. 

Proof— 22 

22 

44 
44 

484 square of 22 
22 

968 
968 



10648 cube of 22 



MENSURATION, ETC. 

^e 'k^As of measurement are three, viz.. Lineal, 

"^^eai j^easure respects or refers to length only, as 
*^«Ive ixx^^j.^^- Superficial measure refers to length and 
?^®ftdtlx^ ^w iwelve inches in length, and twelve inches 
^ ^'^©a^itlv "^ ^^^ square inches, which is equal to 
1 square fo^^i. ^^^*^ measure refers to length, breadth, 
^^^ ^©ptlx 0,6 twelve inches in length, twelve inches in 
"breadth, ^^^ twelve inches in depth = 12 in. x 12 in. 
^ •'"^ iix. 55^ 1728 cubic inches = 1 cubic foot. 

^'^^al Jlf^asur^' — -^ connecting-rod of an engine is, 
^J> 6 feet 6 incb^^ ^^^^ *^® centre of the big end to the 
centre of the littl^ ^^^ ' ^^^^ *^® centre of the big end 
to the outside of i^© strap the length is 6 inches ; from 
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tlie centre of the little end to the outside of the strap 
the length is 4^ inches. Beqxdred the total length. 

6 ft. 6 in. + 6 in. + 4^ in. » 7 ft. 4} in. 

Superficial Measure. — ^A slab of iron is 12 feet 6 inches 
long and 1 foot 3 inches broad. What is the superficial 
measurement or area of the slab P 

This can be found in four several ways, viz., by 
Decimals, by Whole Numbers, by Cross-Multiplication, 
and by Practice. Thus — 



(1) Dedmals. 




(2) Whole Numbers. 


12-5 
1-25 




150 inches 
15 inches 


625 
250 
125 




750 
150 

144)2250(15 feet 
144 

810 
720 

90 

12 


Feet 15,625 
12 

Inches 7,500 

4 

Quarters 2,000 






144)1080(7 inches 
1008 






72 

4 




• 


144)288(2 quarters 
288 


(3) By Cross-Mnltiplication. 

12 -6 
1 -3 


• • • 

(4) By Practice. 

12 -6 
1 -3 


12 -6 
3 -1 


•6 


12 -6 
3=J 3 -IJ 


15 '7 


•6 


15 -li 
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Although the fourth method is the shortest, the first is 
much more generally practical, under the many changes 
which crop up in dealing with fractional parts ; and in 
order to initiate enginemen into the practice of usiDg 
them, we have given examples how to work theuL 

Solid Measure, — ^A block of iron is 12 inches long, 
12 inches broad, and 12 inches deep. How many cubic 
inches does it contain P 

12 
12 

144 
12 



1728 cubic inches. 



A sheet of iron is 120 inches long, and at one end it 
is 34 inches wide, and at the other end 10 inches. What 
is the superficial measurement P 



Inches. 
34 
10 

i)44 

1 foot 10 inches »= inches 22 The mediam between the 

^ least and greatest length. 

ft. in. 

10 

1 10 



10 
8 4 



Ans. 18 4 



Solid Measure. — ^A block of iron is 12 inches long, 
12 inches broad, and 12 inches deep. How many cubic 
inches does it contain P 
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12 
12 

144 
12 



1728 cubic inches = 1 cubic foot. 

A boiler-plate is 6 feet 9 inches long, 4 feet 6 inches 
wide, and f ths of an inch thick. How many cubic inches 
does it contain P 



Length 
Width 


— 81 inches 
= 54 „ 




324 


• 


405 




4374 X i 
3 


1 


5)13122 




1640-26 



Ans. 1640^ cubic inches. 

To calculate the indicated horse-power from an in- 
dicator diagram, Fig. 33. . 

rf« X -7864 X 22-66 lbs. X 7-6 X 46 

■ ■ ■■■■■! ■■— 11 ^^M^^M^— ^ 

33000 

High-pressure cylinder 44*25 diameter of cylinder in inches 

44-26 



22126 
8860 
17700 
17700 



1968-0625 square inches 
•7864 



78322600 
97903126 
166644940 
137064375 

1637*86222760 area of piston 



stahonart jsngtne dbiving. 

1637*86222750 area of pistoii 

22*55 mean-pressure obtained from in- 

dicator-card 

768931113750 
768931113750 
307572445500 
807572445500 



34678-7932301250 total pressure 

7'5 twice the stroke, 3 ft. 9 in. X 2 

= 7 ft. 6 in. ; or by decimals, 

1733939661506250 7*5 ft. 
2427515526108750 



260090*94922593750 work done in one stroke in foot 

pounds 
45 revolutions per minute 

130045474612968750 \ work done per minute 
104036379690375000 j lbs. lifted per minute 



33,000)11704092*71516718750(354*669 
99000 



180409 
165000 

154092 
132000 

220927 
198000 

229271 
198000 

312715 
297000 



15715 
Ans. Indicated horse-power, 35^ 



[t will be observed we first multiply +0^ 

> diameter (44-26 x 44-25) using deoi^^^^^^^^^W V 

ich is the simplest possible metlio^ ^^ ^^^ ^ 



icnis tne simplest possiDie metxio^ ^ ** ^^^tt\ ^ 
ations where there are fractional p^^j^^ '^OVW*^^^^) 



nultiplied by -7854 to find the are^. * 'X^v^^^ ^ 
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™e niunber of « 

^*- "^e then ^^f^ ™®^®8 <>^ ^l"oli the steam can 

steam, which vre7 ^^^^ ^^ *^® mean-pressure of the 

^^•55 lbs. per SQH "^^^^ ^°"^ *^® indicator diagram to be 

sure exerted on th^ ^^^' ^^^^ ^^^ *^® ^^ V^^- 

Pressure ia exerted °^*® ^^^^ (34678| lbs.). This 

strote; andtheref *^^o^8^oit the top and the bottom 

*^o strokes in feet ® ^* " multipUed by;the length of the 

^ 2 = 7.5 ^ , (3 ft. 9 in., or by decimals, 3-76 ft. 

Tolution, or the Dr. *'^ ^^^ *^® ^°* ^°^^ ^ o°® r®- 
iution; and as th© '^"^^^ ^^**^ *''*® *^* ^g^^ i» one rcTO- 
fii>e times a minut^^ pounds are lifted one foot high forty- 
therefore obtain tK ^^ multiply by 45 revolutions, and 
foot high in one • ****^ number of pounds raised one 
"»', which is tV ^^ute- This total divided by 33,000 
to lift one foo^ ^^'«nl>e' of pounds a horse is supposed 
liorses it ^ould ^^*^ "^ °"® ^i^iite, shows how many 
*"'^o« "Wha^ . *^e to do the same work in the same 
pressure of ocj** understood is this: steam, having a 
■J^iose area • ^ ^"'s. per square inch, moving a piston. 



^^ per ui^^ 1>537 square inches, at the rate of 337 
*^e Joint lo^^te, is exerting a force capable of resistiiig 
354 indio^^^^s of 354 horses, or the power ia equal to 
. ^o ob{^ ^^ horse-poTV-er. 
^%- 3i ^^ tie indicated horse-power from a diagram. 



low» 



^ -7854 X 6 -45 lbs. X twice the attoVe x 46 

33000 



^;j.linder \% ^^^^' ^^ ^^^^^ m mcUeS 




6241 circular inchea 
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6241 circular Inches 
•7864 



24964 
31205 
49928 
43687 



4901*6814 area of piston in square inches 

6*45 mean-pressure obtained from indicator 
diagram 



246084070 
196067266 
294100884 



31616*846030 total pressure 

7-5 twice the stroke, 3-76 X 2 - 7-6 

168079226166 
221310916210 



237118*8377256 work done in one stroke, foot-lbs. 
46 rovolutions per minute 

11866941886276 
9484753609020 



33000) 10670347'6976476(323-343 
99000 



77034 
66000 

110347 
99000 

113476 
99000 

144769 
132000 

127697 
99000 

28697 

Ans. Indicated horse-power, 323f nearly. 

Another way. By using the constant logarithm from 
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a table, the number of figures used is mucb reduced, 
and the result is the same. 

Taking the same diagrams and particulars as before. 
The first point is to find at what speed per minute* the 
engine is running. 

3-76 feet 
46 revolutioiiB 



Then— 



1876 
1600 

16876 
2 



337-50 feet per minute 



By constant log. X feet per minute X by mean-pressure. 



High-pressure cyli] 

•046601 
337-6 


Elder. 

log. 
speed 

mean-pressure 

Rrer combined — 

High-pressure 
Low-pressure 


Low-pressure cylinder. 

•148636 log. 
337-6 


233006 
326207 
139803 
139803 


742676 
1039746 
446606 
446606 


16-7278376 
22-66 


60-1306626 
6-46 


786391876 
786391876 
314656750 
314666760 


2606628126 
2006222600 
3007833760 


323*342128125 


364-662736625 




Indicated horse-po^ 


364-662 
323-342 




678-004 
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Bequired the average effective pressure per square 
inoh on the piston of an engine. 

BuLE. — (a) Find the area of the piston by squaring 
the diameter of the cylinder^ and multiplying it by 
•7854 ; multiply by twice the stroke, and by the num- 
ber of revolutions per minute, (b) Multiply the indi- 
cator horse-power by 33,000, and divide the product by 
the product a. The quotient gives the answer. 

Example. — ^Diameterof cylinder, 44 J inches; length 
of stroke, 45 inches; revolutions per minute, 45; indi- 
cator horse-power, 354J. 



354-669 
33000 


44-25 
44-55 


1064007000 
1064007 


22125 
8850 
17700 
17700 


11704077000 




1958-0625 
•7854 




78322500 
97903125 
156644940 
137064376 




1537*86222750 
7-6 




768931113750 
1076503559250 




11533-996706250 
45 




57669983531250 
46135986832000 




519029-851851250 
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619029-8518)11704077000-666(22'54 
10380597036 



13234791640 
10380597036 

28641946040 
25951492590 

25904536500 
20761194072 

5143342428 



Ans. 22*54 lbs. per square inch of piston. 

Hequired the number of cubic feet of steam consumed 
per hour by an engine. And also the steam — equiva- 
lent as water at a given pressure. 

Rule. — Square the diameter of cylinder; multiply 
by '7854, by the number of revolutions per minute^ by 
60, by double the stroke in inches, and by the cut-off, 
divide by 1728, and by 437, and multiply the product 
by 62-5. 

Example. — Diameter of cylinder, 44i inches; length 
of stroke, 45 inches; revolutions per minute, 45 ; steam 
cut-off at one-third of the stroke ; pressure of steam, 45 
lbs. per square inch. 

44*25 s diameter of cylinder 
44-25 

22125 
8850 
17700 
17700 



1958*0625= diameter squared 
•7864 



78322500 
97903125 J 
156644940 
13706437^ 

1537'86222750Barea 
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1637.86222760=area 

45 roYolutioxLS 



768931113750 
615150891000 



69204*40023750 

60 minutes in hour 



415226401425000 

90 stroke 45 X 2 



Cut off=i)373703761-28250000 

1728 inches in | ^2 
a cubic foot j 



12 
12 



124567920-42750000 



10380660-03562500 



865055-00296800 



72087-91691400 

165 



•437)72088(164-96 cubic feet ,. ^ , - . /o.? 

437 Weight of a cubic foot of water 62-5 

2838 „f^^ 

2622 ^/^30 



ml 10-312 



4200 
3933 

2670 
2622 

• • • • 



Cnbi'c ibet of «t«am= 72,088. 

Wafer ©|r^-^4^r»ted« 10 -312 lbs. per hour. 

4 tank is ^§^ ieQi long and 4 J feet broad. What 
^^^itmusti^ liave to contain 1,210 gallons? 
-Ru^LE.-^jjf^^j^t;iply the number of gallons (1,210) the 

* Tha 

^tb t^f '®?^Ve -^r^>^"*'™® ^^ steam at this pressure, 46 lbs., compared 
*^ter ftoj^ ^^.^^icsh it was raised. 
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multiply it by the length of stroke ; the product is the 
distance of piston from the end of stroke when the 
steam is cut off. 

The distance of the pirton from end of Btroke«(^ ^'^^^^^^^^ Yx 30. 



Lap 
Lead 


= 1-5 
2 

30 

= -0626 


Travel=5)3-0625 




•6125 
•6126 




30625 
12250 
6125 
36750 


ke= 


•37515625 
30 




11-25468750 


Ana. 


lljin. 



Required the weight to be placed at end of a safety- 
valve lever, to give a blowing-off pressure equal to 
20 lbs. per square inch ; diameter of valve 5 inches, 
distance from centre of valve to fulcrum 6 inches, and 
from valve to weight 10 inches ; eflfective weight of the 
lever, or its actual pressure on the valve, 80 lbs; weight 
of valve 12 lbs. 

Rule. — Square the diameter of the valve, and mul- 
tiply by -7854, to find the area, multiply the product 
by the given pressure ; deduct the sum of the weight 
of the lever and valve ; multiply the remainder by the 
distance from the fulcrum to the valve, and divide the 
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product by the distance from the fulcrum to the 
weight. Thus — 



6 

5 
25 



62X'7854X20— 92X6-^-16=112} lbs. 

•7864 

25 sqnare of valve 

39270 
15708 



19-6350 

20 lbs. pressure required 



392-7TO 
92 lbs. weight of lever and valve 



300-7 

6 distance from fulcrum to valve 



16 



1804-2 



451-05 



112*76 weight required 
Ans. 112 J lbs. 

Note. — ^This is a very simple rule and easy to work, 

A packing-ring for a cylinder 48 inches diameter is 

required. One is found near at hand, but it is 50 inches 

in diameter ; how much must be cut out of it to make 

it fit the cylinder P 

Difference of diameter X 3- 1416= inches to cut out 

Ring 50 3-1416 

Cylinder 48 2 



Difference of diameter 2 



6-2832 



Ans. &3\- in. to be cut out to make it fit. 

A packing-ring for a cylinder is 89 inches diameter ; 
before being cut was 91^ inches. How much must be 
cut out of it to make it fit the cylinder? 

Ans. 7-0686. 
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Required the cubic feet of water a pump will dis- 
charge per hour ; diameter of plunger 3 inches ; stroke 
14 inches long, making 25 strokes a minute. 

KuLB. — ^Multiply the area of plunger by the length 
of stroke and reyolutions per minute, and divide by 
1728. 



3" 
3 



•7854 
9 

7-0686 

14 stroke 



282744 
70686 



989*604 capacity of pump in inches 
25 roTolutionB per minute 

4948020 
1979208 



24740*100 

60 revolutions per hour 



12 1 148440-6000 
1728=^ 12 12370-0500 



12 



1030-8375 



85-9031 



Ans. 86 cubic feet of water. 
Weight = 86 X62i= 5375 lbs. 



Note. — ^A cuhic foot of water weighs 62 J lbs. 

Again. Particulars as in last question ; but, suppose 
the pump at each stroke is |ths full instead of being 
full. 



3 
3 

9 



•7854 
9 



7*0686 area of plunger end 
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7 '0686 area of plunger end 
14 length of plunger 

282744 
70686 



98*9604 total area in length of stroke 
25 stroke 



4948020 
1979208 

2474-01001 
3 



4)7422-0300 fi ^"^^ 

1855-6076J 

60 inches 



12 



1728= 12 



12 



111330-4600 



9277-5376 



773-1281 



64-4273 



Ans. 64} cubic feet of water. 

Parts of a 48-incli stroke. 



40 inches « 
32 „ t 
24 
16 
12 
8 



i 

X 



6 inches 



4 


w 


iV 


3 


J» 


•At 


2 


>» 


A 


1 


» 


A 



The steam is cut off at ^rd of the stroke of 42 inches; 
what is the distance the piston has travelled ? 

3)42 inches 
14 inches. Ans. 

Again. The steam is cut off at |th of the stroke. 

8)42 inches 
5i inches. Atip. 
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What is ^ths of the some stroke of piston ? 

42 

6)210 

3.'} incliefl/ 

* 

If the piston, having a 42-inch stroke, comes to rest at 
iVth of the stroke, what distance is it from the nearest 
cover, neglecting the clearance, and the obliquity of the 
connecting-rod ? 

12)42 



3^ inches. 



Prove it — 



H 

12 



42 



Prove that 35 inches is ^ths of 42 inches. 

35 inches 
6 

6)210 

42 inches. Ads. 






Jeaden-grey 










Oofl v- S-i--»^«* one oi 



2C4 
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BendL 




Rg. W.—Tigvae of 
EiglitKnot 




Fig. S7.— Timber 
Hitch. 



KNOTS. 

A Common Bend.'—lt is formed by- 
passing the end of a rope through the 
bight of another rope, then round both 
Fig. as.^ Common parts of a rope and down through its 

own bight. 

Figure of Eight Knot — Take the end 
of the rope round the standing part, 
under its own part and through the 
lower bight. 

Timber Hitch. — ^Itis made by taking 
the end of a rope round a spar, passing 
it under and over the standing part, 
and then passing several turns round 
its own part. 

Fisherman* 8 Bend. — ^With the end of a 
rope take two turns round, then form a 
half-hitch round the standing part, and 
under the turns, and another half-hitch 
round the standing part. 

To make Two Half-hitches, — ^Pass the 
end of the rope round the standing part, 
and bring it up through the bight — ^this 
is one half-hitch ; two of these, one above 
the other, constitute two half -hitches. \ 
Overhand Knot. — ^This is made by 
passing the end of the rope over the 
standing part and through the bight. 

Rolling Bend. — It is something simi- 
lar to a fisherman's bend. It is two 
round turns round a spar, two half- 
hitches around the standing part, and 
^^" Bend. °^ thfe cnds stoppcd back. 




Fig. 38.— A Fisher- 
man's Bend. 




Fig. 39.— Two Half- 
hitches. 




Fig. 40.— Over- 
hand Knot. 
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Fig. 42.— A Bowline 
Knot. 




"Fig. 43.— Square or Beef Knot. 



To make a BoicUne Knot. — Take the end of the 
rope in your right hand,, and the standing part in 
your left; lay the end over the standing part, then 
with your left hand turn the bight of the standing 
part over the end part ; then lead the 
end through the standing part above, 
and stick it down through the cuckold's 
neck formed on. the standing part, and 
it will appear as the sketch. 

A Reef Knot. — First make an 
overhanded knot, supposing it 
to be round a yard ; then bring 
the end being to you over the 
left hand, and through the bight 
haul both ends taught. This 
knot is used chiefly for joining the ends of ropes or 
lines together. 

A Short Splice. — A short splice is made by unlay- 
ing the ends of two ropes, or the two ends of one 
rope, to a sufficient length, then crutch them together 
as per adjoining sketch ; draw them close and push the 
strands of one under the strands 
of the other, the same as the 
e^e-splice. This splice is used 
for block-straps, slings, &c. If 
the ends are to be served over, 
they are but once stuck through ; 
if not, they are stuck twice and ^^^- 44.-short spiice. 

cross- whipped across the strands, so as to make them 
more secure. When the ends are to be served, take a 
few of the underneath yams, enough to fill up the lay 
of the rope for worming, then scrape or trim the out- 
side ends, and marl them down ready for serving. 





J^xS.'iVWx 
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INDEX, 



ACCIDENTS to steam -en- 
gines, 197; to boilers, 200. 
Air-pnmp, 68. 
Air-vessel, 62. 
Alarms, low-water, 126. 
Alloys, 24, 26. 
Arithmetical calculations, 236. 

TDAROMETEE, 176. 

-*-' Blast-pipe in chimney, ac- 
tion of, 82. 

Blow-off cock, 138. 

Boiler. See Steam-boilers. 

Brass, 11, 24; composition, 26. 

Case-hardening steel, 22. 

Cast-iron, 10 ; manufacture of, 13. 

Cataract, 73. 

Chemical mixture and solution, 25. 

Coal, combustion of, 85, 163, 
167 ; imperfect combustion, 1 54 ; 
perfect combustion, 156, 166. 

Condenser, 60 ; invention of, 62 ; 
pressure in, 128, 130. 

Copper, 11. 

Crank, 44 ; movements of, 40, 
46, 46. 

"C^XPANSIVE working of 
■*-^ steam, 42; in the Cornish 
engine, 76, 76. 

FAILURES and break-downs, 
197. 
Feed-^ump, 38, 172; Tangye's 
special steam-pump, 190; cal- 
culation for delivery, 260. 



Feed-water, 169, 200; heatings 

it, 169; economy by heating 

it, 171. 
Fire, management of, 86, 137, 

152, 162. 
Fireman, good, qualifications of, 

166. 
Floats, 122, 136. 
Fusible-plugs, 119, 137. 

GAUGE : — barometer -gauge, 
128; glass-gauge, 134, 144; 
mercurial-gauge, 127; pressure- 
gauge, 124, 136; vacuum- 
gauge, 128, 130. 
Governor, 41, 49. 
Grate, fire, 136, 169. 

TTEAT, 28. 

-*--*- Horse -power, calculation 
of, from indicator diagrams, 
249. 

Hot-well, 70. 

TNDICATOE, 218; Ridiard- 

-*- son's continuous indicator, 
220 ; Darke's high-speed indi- 
cator, 222. 

Indicator diagrams, 219 ; to take 
a diagram, 223; examples of 
diagrams, 226 ; calculation of 
horse - power from diagrams, 
249. 

Injectors, 179 ; Sheward and 
Gresham's, 183. 

Inspirator, Hancock, 186. 
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Iron. See Cast-ikon ; Wrought- 

IRON. 

■g-NOTS, 264. 

LAP, 68. 
Lead, 59. 
Lmk-motion, 46, 81. 

-\TTJNTZ-METAL, 11. 

■pARALLEL-MOTION, 48. 
■*- Piston, 61. 
Priming in boilers, 146. 
Pomp, air, 68 ; cold-water, 69. 
Pump, forcing, 174. 
Pump, suction, 176. 
Pumps, feed, 38. 

OAFETY- VALVES, 115, 138; 

^ wedging them down, 215; 
calculations, 118, 258. 

Smoke, prevention of, 156, 160, 
168. 

Steam-boilers, historical notice of, 
7 ; locomotive type, 78 ; mount- 
ing, 80 ; Cornish boiler, 97 ; 
Lancashire boiler, 100 ; Gal- 
loway boiler, 106 ; mounting, 
110, 114. 

Steam-boilers, corrosion of, 204, 
206. 

Steam-boilers, evaporative per- 
formance of, 107. 

Steam-boilers, explosions of, 139, 
204. 

Steam - boilers, incrustation in, 
210 ; deposits in, 212. 



Steam-boilers, inspection of, 133. 

Steam-boilers, mountings of, 80, 
110. 

Steam-boilers, overheating of, 
207. 

Steam-boilers, overstraining of, 
208. 

Steam-boilers, plating of, 108. 

Steam-boilers, priming in, 146. 

Steam-boilers, setting of, 112, 
206. 

Steam-boilers, wedging down the 

^ safety-valve, 216. 

Stcam-en^e, invention of, 3: 
condensing beam-engine, 32, 
44 ; Conuish pumping-engine, 
72; semi-portable engine, 78; 
compound engines, 89 ; Horn- 
blower's patent, 89 ; compound 
horizontal engine, 94. 

Steam-engines, classification of, 4. 

Steam-engines, inspection of, 83, 
140. 

Steam-engines, oiling, 142. 
Steam-engines, starting, 37, 132, 

143, 198. 
Steel, 10; manufacture of, 18; 

case-hardening, 22 ; tempering, 

23. 

rpHERMOMETER, 130. 

T7ALVE— old slide-valve, 66; 

' lap-valve, 69. 
Valve-motion, 53, 81. 

"YXTHITE-METAL, 11. 
VY "Wrought-iron, 10 ; manu- 
facture of, 15 ; qualities of, 263. 
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Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A-M. Inst 
• C.E., and M. Inst. M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text, Imp. 4to, 6/. 6s. elegantly 
and substantially half- bound in morocco. 

List of Contents: — 



I. Historical Sketch of some of the 
means that have beea adopted for the 
Supply of Water to Cities and Towns. — 
II. Water and the Foreign Matter usually 
aTt*wia»#!<i with it. — HI. Rainfall and 
Evaporation. — IV. Springs and the waters 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply.— VII. Wells.— 
VIII Reservoirs.- IX. The Purification 
of Water. — ^X. Pumps. — XL Pumping 
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Machinery.— XII. Conduits. — XIII. Dis- 
tribution of Water.— XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVr. Constant and Intermittent Supply. 
— XVII. Description of Plates. — Appen- 
dices, giving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of sevwal Works illastratcd, among 
which will be found : — Aberdeen, Hideford. 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 

The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humber's work is characterif^ed almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English ffchnical treatises.'*— iS'ff^'if^rr. 

Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON bridge CONSTRUCTION, including 
Iron Foundations. In Three Parts — ^Theoretical, Practical, and 
Descriptive. By William Humber, A-M. Inst. C.E., and M. Inst 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 
6/. l6x. 6dn half-bound in morocco. 

" A book— and particularly a large and costly treatise like Mr. Humber's — which 
has reached its third edition may certainly be said to have established its own 
reputation. " — En^neenng, 
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Humbet^s Modem Engineering. 

A RECORD of Uie PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. By 
William Humbkb, A-M. Inst C.E., &c Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw CE.,'F.R.S., &&, and descriptive Letter-press, Speci- 
fications, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams, 



Victoria Sution and Roof, L. B. & S. 
C. R. ^8 pbtes; : Southport Pier (2 plates); 
Victona Station and Roof, L. C. & D. and 
G. W, R. (6 plates) ; Roof of Cremome 
Music Hall ; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Rail (a 



plates) : Bridge over the Thames, West 
London Extension Railway (^ P^^^ ! ^' 
mour Plates : Suspoision Bridge, T^mes 
(4 plates) : The Allen Engine ; Suspension 
Bridge, Avon (3 plates); Underground 
Railway (3 plates). 



** Handsomely lithographed and {Mrinted. It will find favour with many who desire 
to |Mras%rve in a permanent form copies of the plans and specifications prepared for the 
auidance of the contractors for many important engineering works." — Enginttr, 

HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.K, &c, and descriptive Letterpress, Specifications, 
&C. 3/. 3r. half morocco. 

List of the Plates and Diagrams. 



Viaduct. Merthyr, Tredegar, and Aberga- 
venny Railway ; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



Birkenhead Docks, Low Water Basin 
{15 plates); Charing Cross Station Roof, 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway : Ebbw 
HUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3x. half morocco. 

List of the Plates and Diagrams. 



Main_ Drainage, Metropolis,— 
North Side. — Map showing Interception 
of Sewers ; Middle Level Sewer (2 plates^ ; 
Outfall Sewer, Bridge over River Lea (3 
plates); Outfall Sewer, Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Brioee over Bow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over East London Waterworks' Feeder 
(a plates); Outfall Sewer, Reservoir (a 
plates); Outfall Sewer, Tumbling Bay 
and Outlet ; Outfall Sewei*, Penstocks. 
South Side. — Outfall Sewer, Bermondsey 



Branch (2 plates) ; Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates); Junc- 
tion of Bewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3^. half morocco. 

Liet of the Plates and Diagrams, 



Abbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates); Barrow 
Docks (s plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates) ; 
Adam's Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Station 
Roof, Channg Cross Railway (3 plates) ; 
Road Bridge over the River Rloka (2 
plates)}; Telegraphic Apparatus for Meso- 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates); St German's 
Viaduct, Cornwall Railway (a plates) : 
Wrought- Iron Cylinder for Diving Bell ; 
Mill wall Docks (6 plates) ; Milroy's Patent 
Excavator, Metropolitan District Railway 
(6 plates) ; Harbours, Ports, and Break- 
waters (3 plates). 



PUBLISHED BY CROSBY LOCKWOOD & CO. 3 

Strains yFormuUB & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Fonnulaeand Corresponding Diagrams, 
-with numerous Details for Practical Application, &c. By William 
HUMBKR, A-M. Inst C.K, &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 7x. 6^. cloth. 

"The arrangement of the matter in this little volume is as convenient as it well 
could be. ... . The system of employing diagrams as a substitute for complex 
computations is one justly coming into ^reat favour, and in that respect Mr. Humber't 
volume is fully up to the times." — Engtneering. ^ 

"The formulae are neatly expressed, and the diagrams good." — Atkefutum, 
'* Mr. Humber has rendered a great service to the architect and engineer by pro- 
ducing a work especially treating on the methods of delineating the strains on iron 
beams, roofs, ana bridges by means of dSzgnsasi,"— Builder, 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, $s, cloth. 

" The student cannot find a better little book on this subject than that written by 

Mr. Sheilds." — Engineer. 

Barlow on the Strength of Materials , enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst C.E. 8vo, 400 pp., with 19 large Plates, and numerous 
woodcuts, \%s, cloth. 
" The best book on the subject which has yet appeared. .... We know of 
no work that so completely fulfils its mission." — English Mechanic, 
'* The standard treatise upon this particular subject." — Engineer, 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition. To which are added, Experimental Researches on the 
Strength and other Properties of Cast Iron, by E. Hodgkinson, 
F.R.S. With 9 Engravings and numerous Woodcuts. 8vo, I2J. 
doth. i^*» Hodgkinson's Res inarches, separate, price 6s, 

Hydraulics, 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULiE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment- Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14^. cloth, 

"Undoubtedly an exceedingly useful and elaborate compilation."— /n>«. 

'* Alike valuable to students and engineers in practice, "•••ii/fiK'ffif Journal, ' 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts, ovo, 
&f. ttL doth. %• Trautwine on Curves, separate, 5/. 

" The text-book on levelling in most of our engineeriog schools and collies,*'— 
Bngmetr. 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30J. cloth. 
" It has been regarded from the first as a text-book of the subject. . . . Mr. Claik 
has added immensely to the value of the book."^£HgiHeer. 

Sfeam, 

STEAM AND THE STEAM ENGINE, Stationary and Port- 

able, an Elementary Treatise on. Being an Extension of Mr. 

John Sewell's Treatise on Steam. By D. Kinnear Clark, 

M.I. C.E. Second Edition Revised. i2mo, 4s. cloth. 

" Every essential part of the subject is treated of competently, and In a popular 

GaS'L ighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c, &c. By Robert Wilson, CE. 2nd Edition, 
with Folding Plates, Crown 8vo, sewed, 2j. (id. 

Bridge Construction in Masonry^ Timber, & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of sdect 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. 12s, 6d. haU*- morocco. 
" A work of the present nature by a man of Mr. Haskoll's experience, must prove 
invaluable. . The tables of estimates considerably enhance its sthx^^'^Engitutriiti, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, C.E., and FRANCIS 
Campin, C.E. Cr. 8vo, oblong, 5J. cloth. 
*' The way in which accuracy is attained* by a simple division of each croii 
section into three elements, two of which are constant and OM variable, is in" 
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Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air ; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. Kinnear Clark, M. I. C. E., Author 
of ' Railway Machinery,' &c., in one vol. 8vo, with numerous Illus- 
trations and thirteen folding Plates, i8j. cloth. 
'* All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery.' "-^Tke Engitietr, 

" Mr. Clark's book is indispensable for the students of the sMbject."— 7A« Builder, 
"An exhaustive and practical work on tramways, in which the history of this 
kind of locomotion, and a description and cost of the various modes of laying tram- 
ways, are to be found." — Buiiding News, 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, Assoc. Inst. C.E., Author of 
"The Art of Building," &c. With numerous Plates and Wood 
Engravings. Second edition, carefully revised, i2mo, 5j. cloth. 
" A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer. — Athetueum. 

'* There is much in the book to render it very useful to an engineer proceeding to 
the colonies." — Engineer. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

GOODEVE, M.A., Barrister-at-Law, Author of **The Principles 

of Mechanics,'* "The Elements of Mechanism," &c. Second 

Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 

" Professor Goodeve has given us a treatise on the steam engine, which will bear 

comparison with anything written by Huxley or Maxwell, and we can award it no 

hiffher praise." — Engineer, 

"Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess \i\xasitM,**— Mining youmai. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, doT. 

" If steam-users would but learn this little book by heart, boiler explosi<ms would 
become sensations by their T9niy,**—EnglisA Mechanic. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By Francis Campin, C.E. 
Second Edition, Revised and Corrected. i2mo, 3^. cloth. 
" For numbers of young engineers the book is just the cheap, handy, first guide 
they want.** — Middlesborough Weekly Neios, 

Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned m the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, C. E. 
Woodcuts, i2mo, cloth boards, 3J. 
"A very useful and thoroughly practical little volume, in every way deservinc^ of 
circulation amongst working jsh^dl^^'— Mining Journal, 
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Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Pktes. Imperial 8vo, &r. doth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watsox 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M. I. C. E. Royal 8vo, 12s. doth. [Just published. 

*' The ttandard text book for all engineers regarding skew arches is Mr. Back's 
realise and it would be impossible to consult a better.**— iTMSfUMrr. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by Samuel Hughes, C.E. Sixth Edition. 
Re-written and much Enlarged, by William Richards, C.E. 
With 72 Woodcuts. i2mo, 5^. doth boards. ]jfusi publishtdk 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations ojf 
England as influencing Supplies of Water. By Samuel Hughes, 
C.E. New and enlarged edition, i2mo, 4^. dt/. doth. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fourth Edition, greatly enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With Illustra- 
tions and Portrait of Author. Crown 8vo, 4^. 6</. doth. 
** Mr. Reynolds deserves the title of the engine driver's friend." — Railway Newz, 
" Mr. Reynolds has supplied a want, and luis supplied it well. We can confidently 

recommend the book not only to the practical driver, but to every one who takes an 

interest in the performance <n locomotive enj^nes." — Engineer. 

Y ** Mr. Reynolds has opened a new chapter in the literature of the day. This 

admirable practical treatise, of the practical utility of 'which we have to speak ia 

terms of warm conunendation." — At^naum, 

The Engineer^ Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY : comprising a Historical Notice of the 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By Michael Reynolds, Author of 
** Locomotive- Engine Driving." With Illustrations, and Portrait 
of George Stephenson. Crown 8vo. 4J. dd, cloth. 
" From the techniod knowled^ of the author it will appeal to the railway man of 
to-day more forcibly than anything written by Dr. Smiles."— if^/^/wA Mechanic. 

*' We should be glad to see this book in the possession of every one in the king- 
dom who has ever laid, or is to lay, hands on a locomotive engine— /n^«. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. By M. Reynolds, 
Author of •* Locomotive Engine Driving. " \In the press. 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
ToMms ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 45. cloth. 

" We can most heartily commend this book." — Engineering. 

" Mr. Young's book on ' Fire Eng^ines and Fire Brigades ' contains a mass of 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consi^MrsLtion,"—Buii9ing News, 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems m Geodesy 
and Practical Astronomy. By Li£UT.-Gen. Frome, R.K, late In- 
spector-General of Fortifications. Fourth Elition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, i6f. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3J. 6d. 
" Each table is printed on a small card, which, being placed on the theodolite, leaves 

the hands free to manipulate the instrument— no small advantage as regard- the rapidity 

of work." — Enfrineer. 

*' Very handy ; a man may know that all his day's work must fall on two of these 

cards, which ne puts into his own card-case, and leaves the rest behind." — 

A theuaum. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In One Volume, demy 8vo, i/. 5^., 
cloth boards. 

Large Tunnel S/iafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal 8vo, 12s. 

cloth. • \yu5t published. 

" Many of the methods given are of extreme practical value to tke mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts." — Buiiding 
News. 

** Will be regarded by civil engineers as of the utmost value, and calculated to save 
much time and obviate many mistakes."— C<7//{V;7 Guardian. 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D*A. Jackson, A-M.I.C.E. Author of " HydrauUc Manual and 

Statistics,*' " Canal and Culvert Tables," &c. Large crown, 8vo, 

I2J. 6^., cloth. [Just published. 

" Mr. Jackson has produced a valuable vade-nueum for the surveyor. We can 

recommend this book as containing an admirable supplement to the teaching of the 

accomplished surveyor.'*— yfM^mnrm. 

"A general text book was wanted, and we are able to spealc with confidence of 
Mr. Jackson's treatise. . . . We cannot recommend to the student who knows 
something; of the mathematical principles of the subject a better course than to fortify 
his practice in the field under a competent surveyor with a study of Mr. Jackson's 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the fii\x6txiX..**'-BuiIdiH£ News. 

^ " The author brings to his work a fortunate union of theory and practical expe< 
rience which, aided by a clear and lucid style of writing, renders the book both a very 
useful one and very agreeable to xtzA,**'~BuikUr. 

Sanitary Work. 

SANITARY WORK IN .THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc Inst C. E. Crown 8vo, 3^. cloth. 
"A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which be txtMXs"-^Buiid^r, 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com-' 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Construction and Working," 
&c., &C. With numerous Illustrations. i2mo. 3^. 6d. cloth boards. 

" The student cannot fail to profit lar^^ely by adopting this as his preliminary text- 
book.** — Iron and Coal Trades Review. 

" Seems a model of what an elementary technical book should \)t,,**— Academy, 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke.?* By C. W. Williams, A. I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I. C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4/. cloth boards. [Just published, 
" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be h»A."'-£ngi9teer. 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I; The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed by D. Kinnear 
Clark, C.E. — II. Recent Practice in the Construction of Roads | 

and Streets : including Pavements of Stone, Wood, and Asphalte. 
By D. Kinnear Clark, C.E., M.I.C.E. i2mo, 5^. cloth. 

"A book which every borough surveyor and engineer must possess, and which will 
^ ofconsiderable service to architects, builders, and property owners generally."— 
Buudin^ News. ' » «- «- .r • * 
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Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous woodcuts. 4th Edition, enlarged. Cr. 8vo. I2j. cloth. 

" The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the same."— ^/^«<?mm(. 

" The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.'^^M<>(^ 
JoumaJ, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. T. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, zr. dd, cloth. 

" As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will nnd a great amount of practical information very admirably arranged, and 
a^nailable for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — ArtUan, 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Instructor in Engineering 

Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 

South Kensington. Third Edition, carefully revised. With upwards 

of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4J. 

** A copy of it should be kept for reference in every drawing office." — Engineering, 
*' Indispensable for teachers of engineering 6x2}Nva.z" •^Mechanics* Magazine, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 

Fifth Edition, revised and corrected by Robert Hunt, F.R.S., 

Keeper of Mining Records, Editor of ** Ure's Dictionary of Arts," 

&c. i2mo, cloth boards, 6j. 

" The best small technological dictionary in the language." — Architect 

" There is no need now to speak of the excellence of this work ; it received the ap- 

pro\'al of the community long ago. Edited now by Mr. Robert Hunt, and published 

m a cheap, handy form, it wUl be of the utmost service as a book of reference scarcely 

to be exceeded in value." — Scotsman, 
" The absolute accuracy of a work of this character can only be judged of after 

extensive consultation, and from our examination it appears very correct and very 

complete." — Mining Jouruai. 
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Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 

MINING. By D.C. Davies, F.G.S., author of "A Treatise on 

Slate and Slate Quarrying." With numerous wood engravings. 

Second Edition, revised. Cr. 8vo. \2s, 6d, cloth. \yustSublislud. 

Without question, the most exhaustive and the most practical^ useAiI work we 

nave seen ; the amount of information given is enormous, and it is given concisely 

and mtelligibly.';— J/««i>»^ Journal. 

** The volume is one which no student of mineralogy should be without "—C^WirrK 
CuartftaH. 

"The author has gathered together from all available sources a vast amount of 
really useful information. As a history of the present state of mining throu^out 
the world this book has a real value, and it supplies an actual want, for no such mfor* 
mation has hitherto been brought together within such limited space"— AtA^fueum. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, y. dd. cloth boards. 
' ' Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar." — Engineering. 

" The work is illustrated by actual practice, and is unusually thorough and ludd. 
. . . Mr. Davies has completed his work with industry and ^io^**— Builder, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods (tf 
Assay, and Analyses of Iron Ores, Processes of Manu£&cture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Ulustrations. Fourth 
Edition, revised and much enlarged. i2mo, cloth boards, 5^. 
" Has the merit of brevity and conciseness, as to less important points, while all 
material matters are very fully and thoroughly entered voUa, —Stanaard. 

Mantml of Mining Tools. 

MINING TOOLS. For the use ot Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac* 
tical Mining at the Bristol School of Mines. Volume of Text 
i2mo, y. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6j. Together, 9J. cloth boards. 
" Students in the Science of Mining, and Ovennen, Captains, Managers^ and 

Viewers may gain practical knowledge and useful hints by the study ot Mr. 

Moi^ans' Manual." — ColUery Guardian. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Prindples 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engrineer. With four Plates of Diagrams, Plans, &c., i2mo,4J. cloth. 
" Contains much valuable information given in a small compass, and which, as &r 
as we have tested it, is thoroughly trustworthy. *'--/rv» and Coal Trades Review* 

•^* The above, bound with Thoman's Tables. (See page 2a) 
Price 7j. 6d. cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. New edition, revised and corrected. 

l2mo, with numerous Illustrations, 4r. doth boards. 

" Every portion of the volume appears to have been prepared with much care, and 

as an outline is given of eveiy known coal-field in this and other countries, as well as 

of the two principal methods of working, the book will doubtless interest a very 

large number of readers." — Mining youmal. 

Underground Pumping Machhtery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms 
of Pumping Machinery. By Stephen Michell, Joint-Author 
of " The Cornish System of Mine Drainage." 8yo. \In the press. 
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Pocket Book for Naval Architects^ Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, Naval 
Draughtsman, Associate of the Institution of Naval Architects. 
With numerous Diagrams, &c. Fcap., strongly bound in leather, 
with elastic strap for pocket, I2s,6(f, 
" Should be used by all who are engaged in the construction or design of vessels." 
— Engituer. 

** Tliere is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book.*' — English Mtchantc. 

" Mr. Mackrow has compressed an extraordinary amount of information into this 
useful volume." — Athetugum, 

Granthanis Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Impu 4to, boards, enlaxged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst C.E., &c. 2/. 2^. complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-buUding 
of candidates for promotion in the dockyards will be mainly based." — Enginetring, 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N.A. Second Edition, revised and enlarged. Royal 32mo, 
leather, gilt edges, with strap, ^r. 

"A most useful companion to all marine engineers." — United Service Gazette. 

"Scarcely anything required by a naval engineer appears to have been for- 
gottea."— /tvif. 
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Survevinz (Land and Marine). 

LAND AND MARINE SURVEYING In Refe^^ ^ 
Preparation of Plans for Roads and Radways, Caag^ |y J^ 
Towns* Water Supplies, Docks and Harbours ; W6 -DescriptioS 
and Use of Surveying Instruments. By W. Davis Haskoli^ c E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, t2s. Sd, cloth 

' •• A most useful and wcU arranged book for the aid of a stadettf-^SuaUr 
« Of the utmost practical utUity, and may be safely reccMaimcnded to aU students 

who aspize to become clean and expert surveyors."— ^i»»v Twwo/. " 

Storms. 

STORMS ! their Nature, Classification, and La^ with the 
Means of Predictmg them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, los. td, cloth boards. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, 3^. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together ^vith a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4J. cloth boards. 

Navigation {P radical) ^ with Tables. 

PIU^CTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, 7j. strongly half bound in leather. 

WEALE'S RUDIMENTARY SERIES. 

Thefollffwing books in Naval Architecture^ etc,^ are published in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fourteenth Edition. i2mo, 2s. 6d. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By Robert 

Kipping, N. A. Illustrated. i2mo, 3 j-. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 4?. cloth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Seventh Edition. i2mo, 3^. 6d. cloth boards. 
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ARCHITECTURE, BUILDING, ETC. 
Construction. * 

THE SCIENCE of BUILDING : An Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A., 

Architect. With 47 Wood Engravings. Demy 8vo. &r. td, cloth. 

*' A very valuable book, which we stronely recommend to all students." — BuUdir, 

** No architectural student should be wiuout this hand-book." — Architect, 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Desk^ns for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land," &c. 31 Plates, 4to, half morocco, gilt edges, i/. is, 
*«* Also an Enlarged edition of the above. 61 Plates, with Detailed 

Specifications, Estimates, &c. 2/. 2s, half morocco. 
" The whole of the designs bear evidence of their beine the work of an artistic 
architect, and they will prove very valuable and suggestive. — Building News, 

Useful Text-Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c, &c. By Frederick Rogers, Architect, 
Author of ** Specifications for Practical Architecture," &c. With 
numerous Illustrations. Crown 8vo, dr. cloth. 
"Asa text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little volume."---%S'/<9//^an/. 

Taylor and Cresys Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edwabd Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray's Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detaiL Large folio, with 130 Plates, 
half-bound, 3/. 3J. 
*<j* Originally published in two volumes, folio, at 18/. i&f. 

Vitruviu7 Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gvvilt, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp. 5^. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect. New Edition, revised and enlarged. By G. 
HusKissoN GuiLLAUME, Architect. i2mo, cloth boards, 4s, 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

** A large amount of information, which young ardiitects^ will do well to acquire, if 
they wish to succeed in the everyday work of their profession."— ^/^/tM Mechanic, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, 7j. dd, boards. 
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The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, Wliat wiU it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
corrected to present time. Crown 8vo, cloth, 3^. dd. 

** In two yearft it will repav its cost a hundred times over." — Field. 

" A very nandy book for tnose who want to know what a house will cost to build, 
alter, or xtsfoxc**— English Mechanic. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught -power 
and S lability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E., Author of "Treatise on Steam Boilers,*' &c., &c. 
Crown 8vo, 3J. dd. cloth. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S., Chancellor and Vicar- General 
of York. Author of " Clocks and Watches and Bells," &c. 
Second Edition, i2mo, 5^. cloth boards. 
*' A book which is always amusing^ and nearly alwa^ instructive. Sir E. Beckett 

will be read for the raciness of his style. We are able very cordially to recommend 

all persons to read it for themselves. The style throughout is in the highest degree 

condensed and epigrammatic."— 7V/;/«r. 

" We commend the book to the thoughtful consideration of all who are interested 

in the building ^xX.**— Builder, 

Architecture, Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem, 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen; the ORDERS of 
Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, \2s. 

*^* Sold separately, in two vols., asfollows-m- 
ANCIENT ARCHITECTURE. Containing Gwilt's Vitravius 
and Aberdeen's Grecian Architecture. Price 6j. half -bound. 

N. B.—This is the only edition of VITRUVIUS procurable at a 
moderate price. 
MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Design, by Garbett dr. half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 

SIGN WRITING : a Practical Manual of. With 9 Coloured 

Plates of Woods and Marbles, and nearly 150 Wood Engravings. 

By Ellis A. Davidson, Author of ** Building Construction," &c 

^ Second Edition, carefully revised. 1 2mo, 6j. cloth boards. 

«,« S'?"*!!.'"*,* F*i* of information of use to the amateur and of valu« to the pi^tical 
man. ^Efi^lish Mechanic. ^ 
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Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Second Edition, enlarged, with 300 illustrations, i2mo. 4J. cloth. 
" The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house-building. — Iron. 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of looo pages of text, and 33 Plates, cloth, i/. iix. 6</. 
*' In this work forty-four specifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects." — Builder. 

Specifications for Practiced Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE ; 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15J. cloth. 

%* A volumeof specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew bemg out of print, the author, on the basis 
of that work, has produced the above. — Extract/ram Preface, 

Designings Measuring ^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURING and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. (id, cloth. 
" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the work.'* — Engitieering, 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ''Quantities and 
Measurements." Second Edition. Waistcoat-pocket size. \s. 6d. 

BeatofCsBuilders' and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS : containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c By A. C. Beaton. Second Edit. 
Waistcoat-pocket size, ix, 6^, 



6 WORKS IN CARPENTRY, TIMBER, ETC., 

Builder^ s and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK for 1880, containing the latest prices of all kinds 
of Builders* Materials and Labour, and of all Trades connected 
with Building, &c., &c. The whole revised and edited bj 
F. T. W. Miller, Architect and Surveyor. Fcap. half-bound, 4^. 



CARPENTRY, TIMBER, ETC. 

♦ 

TredgolcTs Carpentry^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, U niting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &a, 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. Li 
I vol., 4to, published at 2/. 2j., reduced to i/. 5^. doth. 
" Ought to be in every architect's and every builder's hbrary, and those who 
do not already possess it ought to avail themselves of the new issue. — Buildtr. 

'* A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Authcn-'s principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic yHuc^'—BMildrng' Hews. 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

• and BUILDER'S STANDARD GUIDE. By Richard E. 

Grandy. Comprising : — An Analysis of Deal Standards, Home 

and Foreign, with comparative Values and Tabular Arrangements 

for Fixing Nett Landed Cost on Baltic and North American Deals, 

including all intermediate Expenses, Freight, Insurance, &c, &c. ; 

together with Copious Information for the Retailer and Builder. 

2nd Edition. Carefully revised and corrected. i2mo, 31. 6d. cloth. 

" Everything it pretends to be : built up gradually, it' leads one from a forest to a 

treenail, and throws in, as a makeweight, a nost of material concerning bricks, coluiniu, 

cisterns, &c.— all that the class to whom it appeals requires." — English Meckanic. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By WILLIAM 
Richardson, Timber Broker. Crown 8vo, 6j, doth. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by William Richardson, Accountant 
Second Edition. Oblong 4to, 3^. 6d, cloth. 
"Will save much labour and calculation to packing-case makers and those who us* 
packing-cases."— <;nvrr. " Invaluable labour-saving tables."— /rwwwuprr. 
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Hortotis Measurer. 

m\ THE COMPLETE MEASURER ; setting forth the Measure- 

kind ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 

ectec tagonal-sided, Round Timber and Stone, and Standing Timber. 

bj With just sdlowances for the bark in the respective species of 

^. trees, and proper deductions for the waste in hewing the trees, 

&c. ; also a Table showing the solidity of hewn or eight-sided 

timber, or of any octagonal-sided column. By Richard Horton. 

Third edition, with considerable and valuable additions, i2mo, 

strongly bound in leather, 5^. 

Horton s Underwood and Woodland Tables. 

•• TABLES FOR PLANTING AND VALUING UNDER- 

J WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 

« and Decimal Tables, &c. By R. Horton. i2mo, 2J. leather. 

' Nicholson's Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is. cloth. 

Dowsing' s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Himdred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised, Crown 8vo, y, cloth. 
"Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it" — Hull Advertiur, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c By W. Richardson. Fcap. 8vo, 3J. td, cL 

Woodworking Machinery. 

WOODWORKING MACHINERY; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 
1 2 J. 6/. cloth. ^ust published, 

" Mr. Bale is evidently an expert on the subject, and he has collected so much 
nformation that his book is all-sufficient for builders and others engaged in the con- 
version of ^vcAxx.**— Architect. 

"The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough master of his subject. " — BuiTciing News. 
** It should be in the office of every wood-working factory."— ZT/r^/ZM Mechanic . 
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MECHANICS, ETC. 
Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By VA Templkton. 12th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, i2mo, 5^. bound. 
" As a text-book in which mechanical and commercial demands are judiciously met, 
Tbmplrton's Companion stands yxonv^Xi't^'*-- Mechanics' Magazine. 

" Admirably adapted to the wants of a very lar^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this little work. " — Buildifig News, 

Engineer's and Machinist' s Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by Wm. Templeton. 6th Edition. i8mo, 2J. 6</. cloUu 
"A more suitable present to an apprentice to any of the mechanical trades could not 
possibly 1)6 made." — Building News, 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Engineers, 
Timber Merchants, Builders, &c. By J. Haw kings. Fcp. 3J. 6</. cl. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especiaUy to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M.LC.E., &c. With 28 Plates, 8vo, idr. W. cl. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 
Fifth Edition. i2mo, 6j. cloth. 
" The best work on boilers which has come under our notice " — Engifuering, 
'*The best treatise that has ever been published on steam boilers." — Engineer. 

Power in Motion. 

POWER IN MOTION : Horse Power, Toothed Wheel Gearing, 
Long and Short Driving Bands, Angular Forces, &c By James 
Armour, C.E. With 73 Diagrams. i2mo, 3^., cloth. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By DiONYSius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. New Edition, Edited 
and considerably Enlarged, by Benjamin Loewy, F.R. A.S., &c, 
&c. With 378 Illustrations, post 8vo, 6s. cloth. 
" The explanations throughout are studiously popular, and care has been taken to 

show the application of the various branches of physics to the industrial arts, and to 

the practical business oi\V[^**— Mining Jottmal, 
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MATHEMATICS, TABLES, ETC. 
Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast Coll. With 13 Plates. 8vo, i/. \s, cloth. 
*' The engineer or architect w31 here find ready to his hand^j-ules for solving nearly 

•very mathematical difficulty that may arise in his practice. The rules are in all cases 

explained by means of examples clearly worked out" — Builder. 
** One of the most serviceable books for practical mechanics. . . . '''■^Buildin^ News . 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DowLiNG, C.K 2nd Edit., revised and enlarged. 8vo, lor. dd, cl. 
"Their accuracy has been certified by Prof. Airy, Astronomer-Royal.''— ^MZt/rr. 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William Inwood, Architect. The 21st edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difncult Computations of the Interest of Money, Dis- 
count, Annuities, &&, by M. F^dor Thoman^ of the Soci^t^ 
Credit Mobilier of Paris. i2mo, %s, cloth. 
" Those interested in the purchase and sale of estates, and in the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &c., will 

find the present cditi(m of eminent 9iexwvQA.**---EngineeriHg. 

Geometry for the Architect, Engineer ^ &c, 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of "The Science of Building," &a 
With 164 Illustrations. Demy 8vo. \2s. 6d, cloth. 

Mathematical Instruments. 

MATHEMATICA.L INSTRUMENTS: Their Con^^Jruction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the most part entirely 
rC' written. Numerous Woodcuts. i2mo, 5^. cloth. 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Compatations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By F^dor Thoman, 
of the Society Credit MobUier, Paris. 3rd Edit., i2mo, \5, 6d. d. 
" A very powerful work, and the Author has a very remarkable command of his 
subject'*— /'re/^xivr A. de Morgan. 

Iron and Metal Trades^ Calculator, 

THE IRON AND METAL TRADES* COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from i«. per cwt. to iizr. per 
cwt., and from one farthing per lb. to \s, per lb. Each Table ex- 
tends from one lb. to 100 tons. By T. Down IE. 396 pp., Qj., leather. 
" A most useful set of tables, and will supply a want, for nothing like them before 
existed." — Building News, 

Iron and Steel. 

'IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet RoUuig 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare, Author of 'The Slide Rule,' &c. Eighth 
Edition. With folding Scales of "Foreign Measures compared 
with the EngUsh Foot," and "fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c." Oblong, 32mo, dr., 
leather, elastic-band. 
" For comprehensiveness the book has not its equal" — Iron, 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed, to ensure Correctness and promote 
Despatch. By Henry Harben, Accountant, Sheffield. New 
Edition. Royal 8vo, i/. 51., strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from I J to 90 per cent.. 
Tables of Discount from I J to 98! per cent., and Tables of Commis- 
sion, &c., from \ to 10 per cent. By Henry Harben, Accountant. 
New Edition, Demy 8vo. ,f i 5^., half-bound. 
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SCIENCE AND ART. 
Dentistry. — • — 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 

? rising also Useful Formulae, Tables, and Receipts for Gold 
late, Clasps, Solders, etc., etc By Charles Hunter. With 
numerous Wood Engravings. Crown 8vo, *js. 6d, Cloth. 
" The work is very practical" — Monthly Review of Dental Surgery. 

"An authoritative treatise We can strongly recommend Mr. Hunter's 

treatise to all students preparini^ for the profession ot dentistry, as well as to every 
mechanical dentist" — Duhlin Journal (ff" Medical Science. 

"The best book on the subject with which we are acquainted. *"— Medical Prest 
and Circular » 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, y. 6d, cloth. 

"A thoroughly scientific treatise in popular language. It is evident that the 
author has mastered his subject in its scientific aspects." — Morning Advertiser. 

** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Gold and Gold-Working. 

THE PRACTICAL GOLD- WORKER ; or. The Goldsmith's 
and Jeweller's Instructor. The Art of Alloying, Melting, Re- 
ducing, Colouring, Collecting and Refining. The processes of 
Manipulation, Recovery of Waste, Chemical and Physical Pro- 
perties of Gold, with a new System of Mixing its Alloys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By Georqb 
E. Gee. Crown 8vo, *]s. 6d, cloth. 
"A good, soimcL technical educator, and will be generally accepted as an 

authority. It gives full particulars for mixing alloys and enamels, is essentially a book 

for the workshop, and exactly fulfils the purpose intended." — Horological Journal. 
" The best work yet printed on its subject for a reasonable price. We have no 

doubt that it vnil speeduy become a standard book which few will care to be with- 

out. "-^Jeweller and Metalworker. 

** We consider that the trade owes not a little to Mr. Gee, who has in tnro volumes 

compressed almost the whole of its literature, and we doubt nst that many a young 

beginner will owe a part of his future success to a diligent study of the pages which 

are peculiarly well adapted to his use." — Clerkenwell Press. 
** It is essentially a practical manual, intended primarily for the use of working 

jewellers, but is well adapted to the wants of amateurs and apprentices, containing, 

as it does, trustworthy information that only a practical man can supply." — English 

Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, contaming full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation dloys, methods of manipulation, preven- 
tion of waste, instructions for improving and finishing the surface 
of the work, together with other usefiil information and memoranda. 
By George E. Gee, Jeweller, &c. Crown 8vo, *is. 6d, cloth. 

" This work is destined to take up as good a position in technical literature as the 
Practical Goldworker^ a book which has passed through the ordeal of critical ex- 
amination and business tests with great success." — Jeweller and Metalworker. 

** The chief merit of the work is its practical character. . . . The workers in 
the trade will speedily discover its merits when they sit down to study it." — English 
Mechanic. 

" This work forms a valuable sequel to the author's Practical Goldworkerf and 
supplies a want long felt in the silver trade." — Silversmith^ s Trade Journal. 



aa WORKS IN SCIENCE AND ART, ETC., 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo- Electric Machines. By J. W. Urquhart, C. E, 
Author of ** Electroplating : a Practical Handbook." Edited by 
E. C. Weiju, M.I.C.E., M.S.T.E., With 94 lUustiations. 

Crown 8yo, 7j. 6*/. cloth. \yust publishtd. 

" It is the only work at present available, which gives in language intell^ble for 
the most part to the ordinary reader, a general but concise history of the means 
which have been adopted up to the present time in producing the electric Ught"— 
Metropolitan, 

"An important addition to the literature of the electric light. 'Students of the 
subject should not fail to read it.*''~-CoUiery Guardian. 

" As a popular and practical treatise on the subject, the volume may be thoroughly 
recommended."— ^/Vi/i?/ Mercury. 

Electrotyping^ etc. 

ELECTROPLATING: A Practical Handbook, including the 
Practice of Electrotyping. By T. W. Urquhart, C.E. With 
numerous Illustrations. Crown ovo, 5j. cloth. 
*' The volume is without a rival in its particular sphere, and the lucid style in 
which it is written commends it to those amateurs and experimental electrotypers 
who have but slight, if any, knowledge of the processes of the art to which they turn 
their attention."— Z>^x<]f/< and Work, 
" A large amount of thoroughly practical informadon.*' — Telegraphic Jourtial. 
"An excellent practical manuaL — Engineering. 

** The information given appears to be based on direct personal knowledge. . . . 
Its science is sound, and the style is always iXtax.'* —Aihenaum. 

*'Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show him or her the way." 
SuiUUr. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES, rnuncd 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Roval Engineers. Second Edition, most carefully xerised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, roj^ 8yo, extra 

cloth boards, and lettered, 4/. lor. 
"A compendious encyclopaedia of military knowledge."— '^(/iii3«i»2'A Xeview, 
" The most comprdiensive work of reference to the military and coUateial adences." 
— yobmieer Service GauiU. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sbtth Edition, crown 
Svo, cloth, with separate Atlas of 12 Plates, I2s. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysdters, Brokers, &c. By J. 
W. Slater. Post Svo, 7j. 6^. cloth. 

"A complete encyclopaedia of the materia tincioria. The information is full 
and precise, and the methods of determining the value of articles liable to sophistica- 
tion, are practical as well as valuable."— Ci^iww^ and Druggist, 
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TAe Alkali Trade — Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/ I2X. 6d. cloth. [Just published. 

This work provides (i) a Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers^ and/or those already in the field who desire to improve their 
plant t or to become practically acquainted with the latest processes and developments 
of the trade ; (2) a Handy Volume which Manufacturers can put into the hands qf 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents. 



Chap. L Choice of Site 'and General 
Plan of Works— II. Sulphuric Acid — 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon the^ Noxious Vapours Ques- 
tion — ^VI. The Hargreaves' and Jones' 
Processes — VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined Alkali — XII. 
Causcic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 



"The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer, 

" This book is written by a manufacttu'er for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technics details of this trade receives the fullest attention. The book has been 
produced with g^reat completeness." — Athetueum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its publication." — CJumical 
Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of '* Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise on Chemical Analysis." Neiu Edition. Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, I2J. 6d, cloth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housewife as to tne pharmaceutical practitioner."— 
Medical Times, 

" Essential to the analysts appointed under the new Act. The most recent results 
are given, and the work is well edited and carefully written." — Nature. 
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Dk Lardner's Museum of Science and Art. 

THE» MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1200 Engravings on Wood. In 6 Doable Volumes. 
Price £\ is,, in a new and elegant cloth binding, or handsomely 
bound in half morocco, 3IX. 6d. 

OPINIONS OF THE PRESS. 

" This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of ' common things ' which every weiUwisher of his kind is anxious to 
promote. Manv thousand copies of this serviceable publication have been printed, 
m the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet writh disappomt- 
ment" — Times. 

" A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and groat scientific knowledge, considerable mduc- 
tive powers, and a popular style of treatment." — Spectator, 

"llie 'Museum of Science and Art' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society.'* — Sir David 
Brewster in the North British Review. 

'* Whether we consider the liberality and beauty of the illustrations, the charm d 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a xaluable present." — Examiner. 

\* Separate books formed from the above^ suitable for Workmen^ s 

Libraries, Science Classes, dr'r. 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 51. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engray- 
ing, &c. 147 Illustrations, cloth gilt, 24, 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s, 6d, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c 85 Illus- 
trations, cloth gilt, 2s, 6d, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c 182 Illustrations, ^r. 6d, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is, 6d, 
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Dr. Lardnef^s Handbooks of Natural Philosophy. 

•«• The foUvuting^ five volumes^ though each is Complete in itself ^ and to be pur- 
chased separately^ jfonn A Complete Course of Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various departtnents of Physical Sciettce^ without pursuing them according to the 
tnore profound methods of mathematical investigation. The style is studiously 
popular. It has been the author's aim to supply Manuals such as are required oy 
the Student t the Engineer y the ArtistsHy and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almogt 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, ds. cloth. 

"The perspicuitv of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout su« studiously popular, and care has been taken to show 
the application of the various branches 01 physics to the industrial arts, and to 
the practical business of life." — Mining Journal, 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R. A.S. With 236 Illustrations. Post 8vo, 5j. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation,* this work is not merely in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post 8yO| ds, cloth. 

" The style is alwa^rs clear and precise, and conveys instruction without leaving 
any cloudiness or lurlung doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. 298 Illustrations. Post 8vo, 5j. cloth. 
" Written by one of the ablest English scientific Mrriters, beautifully and elaborately 
WxxslcnXiti^'*— Mechanics^ Magasine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Post 8yo, 5j. doth. 

" The book could not have been entrusted to any one better calculated to proservo 

the terse and lucid style of lArdner, while correcting his errors and bringing up his 

work to the present state of scientific knowledge."— /Vj^w/or Science Review, 

Dr. Lardners Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the "Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts, 
In I vol., small 8vo, 550 pages, 9^. 6^., cloth. 
" Probably no other book contains the same amount of information in so com* 
pendious and well-arranged a form— certainly none at the price at which this is 
offered to the public." — Atheneeum. 

*' We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — but at 
the same time correct — acquaintance with this sublime science." — Quarterly Journal 
of Science, 

Dr. Lardncf^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, 7j. 6</. . 
" We have no hesitation in cordially recommending it.'*— Educational Times, 
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Dr. Lardfter^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition, i voL 3^. 6d, doth. 
*' Conrevs^ in clear and precise terms, general notions of all the principal dimions 
of Physical Science." — Bntuk QuarUrly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 

With 190 Illustrations. Second Edition, i voL y, dd. cloth. 
*'Cleariy wnttcn,well arranged, and excellently iUustrated.**— ^arifl£rii/rf'CArimw/!r 

Dr. Lardner's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by £. B. Bright, F.R.A.S. 
140 Illustrations. Small 8vo, zs, 6d, doth. 
* ' One of the most readable books extant on the Electric Telegraph."— iT^v. Meckatiic, 

Electricity. 

A MANUAL of ELECTRICITY ; induding Galvanism, Mag- 
netism, Diamagnetism, Electro-Djmamics, Magneto-Electridty, and 
the Electric Tdegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with ^00 Woodcuts. 8vo, i/. 4J. doth. 
' ' The accounU given of electricity and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and interesting.**— ^a»c^/. 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, M.I.C.E., Vice-President of the Society of 
Telegraph Engineers, &c With 470 Illustrations. Crown 8vo, 
I2J. 6d. cloth. [Just published, 

" A reflex of the existing state of Electrical Science adapted for students."— 
W. H. R-ccce, Esq., vide** Introduction." 

" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable." — A thenteum. 

" An admirable text-book for every student— beginner or advanced— of electricity. " 
^-Engineerin£^. 

*' A most elaborate compiladon of the facts of electricity and magnetism.**— As^tav^r 
Science Review. 

" May be recommended to students as one of the best text-books on the subject 
that they can have. . . . Mr. Preece appears to have introduced all the newest 
inventions in the shape of telegraphic, telephonic, and electric-lighting apparatus."— 
English Mechanic. 

''The work contains everything that the student can require, it is well illustrated^ 
clearly written, and possesses a good index.*' — Aceuiemy. 

" One of the best and most useful compendiums of any branch of science m our 
literature." — Iron. 

"Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of elec* 
tricity has grown into an admirable handbook."— ^tA/m/iu/^ Review, 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or. Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vaux. Numerous Illustrations. Fcap. 8vo, 
$5. cloth. 

. " A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God's Works against God's WonL 
No real difficulty is shirked, and no sophistry is left unexposed."— 7"^ Rock, 
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Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of tlie Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars, &e. By Prof. J. R. Young. Fcap. 5j. cL 

Geology, 

A CLASS-BOOK OF GEOLOGY. Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science; 
and ** Historical Geology, " which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8vo, 5j. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Camb, l8mo, 5^. cl. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7j. 6ci. cloth. 

Clocks f Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth edition, revised and en- 
larged. Limpcloth(No. 67,Weale's Series), 41. 6^.; cloth bds. 5j. td, 

'* As a popular and practical treadse it is unapproached." — English Mechanic. 

"The best work on the subject probably extant. The treatise on bells is tin- 
doubtedly the best in the language. " — Engineering. 

" The only modem treatise on clock-making." — Tforological Jtoumal, 

Grammar of Colouring, 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Coloured Diagrams 
and En^vings. i2mo, y, 6d, cloth. 
" The book is a most useful risumi of the properties of pigments."— i9»/V<i4fr. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIG- 
TIONARY OF PAINTERS ; A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting, 
Copyists and Iihitators, By Philippe Daryl, B. A. Cr. 8vo, 3 j. dd. cl. 

Woods and Marbles {Imitation of), 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rotterdam Painting 
Institution. Illustrated with 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s, 6d, bound, 
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DelamotUs Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginnen : with a Rudimentaiy Treatise on the Ait, Prac- 
tical Directions for its Excrdse, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Deia- 
MOtTK. Small 4to, 9/. Elegantly bound, doth antique. 

*' Tbeexami>let of ancient MSS. reoommcnded to the student, which, with much 
good sense, the author chooses from collections accessible to all, are selected wiifa 
judgment aind knowledge, as well as taste."— ^/A«««wMr. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDLEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, and 

printed in Colours. New and Cheaper Edition. Royal 8vo, 

oblong, 2J. 6^. ornamental boards. 

" For those who insert enameOed sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls inth p^y sentenoes from the 
Decalogue, this book will be usefuL"— .^Mnurtfiw. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2J. td, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alj^bet 
and numerals can be formed."— >S'/aM<i!acnil 

MEDIiEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Grold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, dr. cloth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecdesias- 
ticsd Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, \s, 6d, in ornamental boards. 

Wood- Carving. 

INSTRUCTIONS fai WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, zr. td, 

*' The handicraft of the wood-carver, so well as a book can impart it, may be learn 
from ' A Lady's ' publication."-— u4M«M<r»iw. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, dr. doth* 
%* nis Work has been adopted as a Prize-hook in the Schools of 
Art at South Kensington. 
" Contains a large amount of original matter, agreeably conveyed."— ^nfMrr. 



from 



Much may be learned, even by those who fancy they do not require to be taught, 
the careful perusal of this unpretending but comprehensivt treatise. "--.jir^ywnwA 
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AGRICULTURE, GARDENING, ETC. 

» ■■■■ 

Youatt and Burris Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements oi 
agricultural practice. By Robert Scott Burn. One large 8vo. 
▼olume, 860 pp. with 244 Illustrations, i/. \s. half-bound. 

" The 8tan<brd and text-book, with the fanner and grazier." — Farmet's MagOMJne. 

"A treatise which will remain a standard work on the subject as Iraig as British 
agriculture endures." — Mark Lane Express. 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4^. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart, 
Numerous Illustrations. Cr. 8vo, ^s, cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtfu consideration at the present time." — Meat and Provision Traded Review, 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice, by R. Scott Burn. With Illustrations. Crown 
8vo, 6j. cloth. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — UtiHsationofTown Sewage, Irrigation, &c. New Edition. 
In I vol. 1250 pp., half-bound, profusely Ulustrated, I2j. 
" There is sufficient stated within the limits of this treatise to prevent a farmer 
from going far wrong in any of his operations."— (P^x^nvr. 

Amateur Farmhig. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
Pigs, &C. By R, Scott Burn. With numerous Illus. Fq). 6j. d. 
*'Aoonpleto introductioo to the whole round of farming practioe."— 7<»lii BuU. 



30 WORKS IN AGRICULTURE, GARDENING, ETC., 

Tlte Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Peculiarities of its Farms, Methods of Farming, 
the Setting-out of Farms and their Fields, Construction of Roads, 
Fences, Gates, and Farm Buildings, of Waste or Unproductive 
Lands, Irrigation, Drainage, Plantation, &c. By R. Scott Burn. 
Numerous Illustrations. Second Edition. i2mo, y, cloth. 

" A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates." — Joutnal of Forestry. 

** A very useful vade-mecum to such as have the care of land." — Glodr, 

Tlie Ma7iagement of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
and their Domestic Animals. By Robert Scott Burn, Author 
of ** Outlines of Modem Farming," &c. With numerous Illustra- 
tions, l2mo, 3 J. cloth boards. [Just published. 

Management of Estates and Farms, 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn, Author of "OuUines of Modem Farming," 
Editor of "The Complete Grazier," &c. With Illustrations. 
Consisting of the above Two Works in One vol., 6j. half-bound. 

[Just published. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
tcnown Vegetable and Herb, with cultural directions for the 
management of them all the year round. By George M. F. 
Glen NY. With Illustrations, i2mo, 2s. cloth boards. 
" As a guide to hardy kitchen gardening, tb'is book will be found tnistworthy and 
useful."— A^i(?r/A British Agriculturist. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. From 
the French of Du Breuil, revised by Geo. Glenny. 187 Cuts. 
i2mo, 4r. cloth. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fraits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition, with considerable 
Additions, &c., and numerous Illustrations. Cr. 8vo, 5^. cloth. 
" A very eood book, and one to be highly recommended as a practical guide. 
The practicsd directions are excellent" — Athenaum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce £(>'2.o a year, by the Cultivation of Fraits 
and Vegetables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise £\^(> per annum clear Profit. By Samusl 
Wood. 3rd Edition, revised. Cr. 8vo, 2j. cloth. 
" We are bound to recommend it as not only suited to the case of the anatcor vA 
gentleman's gardener, but to the market geoyttr^^Gardenfr's Magasim, 



PUBLISHED BY CROSBY LOCKWOOD & CO. 3' 

Bulb Culture. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. Bv 
Samuel Wood, Author of "Good Gardening," etc With 
Coloured Illustrations and Wood Engravings. Cr. 8vo, xs, 6d, cloth. 
** The book contains practical suggestions as to the arrangement of the flowers, and 
the grdwth of flonrer-roots for the trade,as well as for 9Jii\iscmiait,**---Saturday Review, 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees, 
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, zr. dd, cloth. 

Tree Pruning. 

THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, with the best Method of bringing Old and Worn-out Trees 
into a state of Bearing ; also treating of the Pruning of Shrubs, 
Climbers, and Flowering Plants. With numerous Illustrations. 
By Samuel Wood. i2mo, zs, 6d. cloth. \yuit published. 

Tree Plantings Pruning^ & Plant Propagation, 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of " Good Gardening,'* &c. Consisting 
of the above Two Works in One Vol., 5j. half-bound. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By Tames Pink. With Illustrations. Cr. 8vo, 2j. cl. 
"A well written little volume. The author gives good practical instructions 
under both divisions of his ^^!c^txxJ*'— Agricultural Gazette. 

Hudson s Todies for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4J. 

Ewarfs Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required m any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
girty. By John Ewart, Land Surveyor and Agricultural Engineer, 
oyal 32mo, oblong, leather, gilt edges, with elastic band, ^r. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, silt edges, with strap, *]s, 6d, 
" We consider Hudson's book to Be the best ready-reckoner on matters relating to 

tiie valuation of land and crops we have ever seen, and its combination with Mr. 

Ewart's work neatly enhances the value and usefulness of the latter-mentioned . . 

It is most usefiU as a manual for refereDce."— iVI^ff ii 0/ England Farmer. 



3a WORKS PUBLISHED BY CROSBY LOCKWOOD & CO. 



"yi Complete Epitome of the Laws of this 
Country^ 

EVERY MAN'S OWN LAWYER ; a HandyBook of the Prin- 
ciples of Law and Equity. By A Barrister. 17th Edition, 
Revised to the end of last Session. Including a Summaiy of the 
principal Acts of the past Session (1879), viz. :— The Habitual 
Drunkards Act, the Sale of Food and Drugs Amendment Act, 
The Limited Liability Amendment Act, The Racecourses Licensing 
Act, &C., &C. With Notes and References to the Authorities. 
Crown 8vo» cloth, price 61-. %d, (saved at every consultation). 

COMPRISING THE LAWS OF 



BAmcRvrrcv— Bills or Exchamcs— 

CONTKACTS AND AgRBBICBNTS — CoFY- 
MGHT— DOWBR AMD DiVOaCS— ElBC- 
T10N8 AND RaCISTaATION — InSUKANCB 
— LiBBL AND SlaNDBR— MORTGAGBS— 

SBTTLBinNTS— Stock Exchangb Pxac- 
Ticx— Tbaob Marks and Patbnts — 
Trbspass, Nuisancbs, btc— Transfbr 
or Land, btc — Warranty— Wills 
and Acrbbmbnts, btc Also Law for 
Landlord and Tenant — Master and Ser- 
vant — Workmen and Apprentices — Heirs, 
Devisees, and L^atees— Husband and 



Wife— Executon and Tr ust e es G uardian 
and Ward — Married Women and Infimfs 
—Partners and Agents — Lender and Bor* 
rower — Debtor and Creditor— Purchaser 
and Vendor — Companies and AssodaticMis 
— Friendly Societies — Qei]p;ymen, Qiurch- 
wardens—Medical Practitioners, &c. — 
Bankers — Farmers — Contractors — Stock 
and Share Brokers — Sportsmen and Game- 
keepers — Farriers and Horse-Dealers^~ 
Auctioneers, House-Agents— Inakeepers 
&C. — Pawnbrokers — Surveyors — Rail- 
ways and Carriers. &c., &c 



'* No Englishman ought to be without this book."— 'j^n^M^^r. 

" What it professes to be— « complete epitome of the laws of this country, thoroi^hly 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution." — BtlPs Life, 

** A concise, cheap, and complete epitome of the English law, so plainly written 
that he who runs may read, and he who reads may understand." — Figaro, 

** A useful and concise emtome of the law." — Law Magazine. 

" Full of information, fitly expressed without the aid of technical expressions, and 
to the general public will, we doubt not, prove of considerable worth." — Economist, 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c 
Fourth Edition, enlarged, by C Norris. Royal 32mo, cloth, 51, 
" A neat and concise book of reference, containing an admirable and clearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of furniture, &c.**-^S(aHdard, 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, loj. 6d, cloth. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures ; with Explanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on Building. By E. L. 
Tarbuck, Architect and Surveyor, 2nd Edition. i2mo, y. 6d, d. 

* We are glad to be able to recommend it." — Builder, 
"The advice is thoroughly practical."— Z««/ youmal, 

Bmdbury, Agnew, * Co., Printen, Whitefriars, London. 
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"WULE'S SEMES," ETC. 

A NEW LIST OF 

WEALE'S SERIES 
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AND CLASSICAL. 
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and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly underat ' ' ' '"' " 

brought up to iha latest discoveries in scie 
issued. The prices at which they are sold ar< 
assured." — American Literary Gazitit. 



Jotimal. 

: impossible to do otherwise than bear testimony to the value o£ 
We ALE'S Series."— £iigiii«j-. 

" Everybody — even that outr^aous nuisance ' Every Schoolboy' — knows 
. e merits of 'Weai^'s Rudimentasv Series.' Any persons wishing to 
acquire knowledge cannot do better than look through Weale's Series and 
get all the books they requira. The Series is indeed an inexhaustible mine 
of literary wealth."— rA* Metropolitan. 

" WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science." — Public Opinion. 
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WSALE'S BUBIKEHTABT SCIEHTIFIC SERIES. 
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\* The volumet of this Series are £reelr IHustrated with 
Woodcuts, or otherwise, where requisite. Throug^hout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated ; duf the volumes marked 
with a X may alto be had ttrongly bound in cMh boards for 6d. 
extra, 

N,B.—In * ordering from this List it is recommended, as a 
means of facilitating business and obviating error, to quote the 
numbers affixed to the volumes, as well as the titles and prices. 



No ARCHITECTURE, BUILDING, ETC. 

i6. ARCHITECTURE-^ORDERS-^Tht Orders and Iheir ^Esthetic 
Principles. By W. H. Lbbds. Illustrated, is. 6d. 

17. ARCHJTECTURE^STYLES—T\it History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Boky, F.R.I.B.A., 8cc. Illustrated. 2S. 
%* OitDBRS AMD Styles op Architbctuhb, in One Vol., jx. 6d. 

18. ARCHITECTURE^DESIGN—Tht Principles of Design in 

Architecture, as deducible from Nature and ezemplinod in the Works of the 
Greek and Grothic Architects. By £. L. Garbbtt, Architect. Illustrated, ss. 

*•* The three preceding Works, in One handsome Vol., half bound, entitled 

** MoDBRN AjtCHrrscTURB," price 6s. 

22. TIfE ART, OF BUILDING^ Rudiments of. General Principles 

of Construction, Materials used in Building^ Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By £. Dobson, 2s4 

23. BRICKS AND TILES, Rudimentaiy Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
Dobson, M.R.I.B.A. With Additions by C Tomunson, F.R.S. Illustrated, 3s4 

25. MASONRY AND STONECUTTING, Rudimentary Treatise 
on ; in which the Principles of Masonic Projection and their application to 
the Construction of Curved Wing- Walls, Domes, Oblioue Bridges, and 
Roman and Gothic Vaulting, are concisely explained. By Edward DoasoN* 
M.K.I.B.A., 8cc. Illustrated with Plates and Diagrams. 2S. 6d4 

44. FOUNDATIONS AND CONCRETE »^>^^5, a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B^ton, Pile-driving^ Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., &c. Fourth Edition, revised by 
Gborgb Dodd, C.E. Illustrated, zs. 6d. 

42. COTTAGE BUILDING, By C. Bruce Allen, ArcHtecL 

Ninth Edition, revised and enlarged. Numerous Illustrations, zs. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnbll, C.E. Eleventh Edition, zs. 6d. 
57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Enosition of the General Principles of the Art of Wann- 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charles Tomlinson, F.R.S., &c. Illustrated. 3s. 

83**. CONSTRUCTION OF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs. Esq., of New York, and Edited by Charles Tom- 
linson, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. Ulus. 2S. 6d. 

III. ARCHES, PIERS, BUTTRESSES, dr'c: Experimental Essavs 
on the Principles of Construction in ; made with a view to their being nsetnl 
to the Practical Builder. By William Bland. Illustrated, zs. 6d. 

The t indicates thai these vol s, may be had strongly bound at 6d. extra. 

LONDON : CROSBY LOCKWOOD AND CO., 
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Architecture, Building, etc., continued, 

1X6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of thelArchitect and 
Builder. By T. Roger Smith, M.K.I.B.A., Architect. Illustrated, is. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC, In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
. of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
%• The two preceding Works in One handsome Vb/,, half bounds entitled "Ancient 

, Architecture," /rtir^ 6j. 
16, 17, 18, 128, and 130, in One Vol^ entitled "Ancient and Modern Architec- 
ture," half boundf 12s, 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. Illustrated by a Perspective View, Plans^ Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers*, Plumbers', Painters', Paper- 
hangers', Gilders', Smiths', '.Carpenters', and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d. 

175. LOCK WOOD <&* CO:S BUILDER'S AND CONTRACTOR'S 

PRICE BOOK, for 1880, containing the latest Prices of all kinds of Builders* 
Materials and Labour, and of all Trades connected with Building : Lists of 
the Members of the Metropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND WINERY— Tbis. Elementary Prin-: 

ciPLBS OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.X 

i82». CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. ' 
cloth boards, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 

.WICK. New, Revised, and enlarged Edition.' By G. Huskisson Guillaume, 
Architect. With numerous Woodcuts. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, &c., &c. With 9 Coloured Plates of 
Woods and Marbles, and nearly i<o Wood Engravings. By Ellis A. 
Davidson. Second Edition, carefully revised. 5s. cloth limp; 6s. cloth 
boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles : Arch Drawing, Cutting, and Setting : 
Pointing; Paving, Tiling, Materials; Slating and Plasterine; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Crafl of 
the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Second Edition, enlarged. Containing 300 Illustrations. 
By W. P. BocHAN, Sanitary Engineer. 3s. 6d.t \yust published . 

The X indicates that these vols, may bfi had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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Architecture, Building, etc., continued, 
192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE ; comprisinir copious and vala- 
able Memoranda for the Retailer and Builder. By Richard £. Gramdy. 
Second Edition, Revised. xi.X 

205. THE ART OF LETTER PAINTING MADE EASY, By 

J. G. Badbmoch. nittstrated with xa fiill-pagfe Engravings of Examples, is. 

[Just ^blishtd, 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Rhstoration. With the Theory of Domes and the Great Pyramid, 
and Dimensions of many Churches and other Great Buildings. By Sir 
Edmund Beckbtt, Bart.. LL.D., Q.C, F.R.A.S., Chancellor and Vicar- 
General of York. Second Edition, enlarged, 4s. 6A,X \Juii publiihed, 

CIVIL ENGINEERING, ETC. 
13. CnriL ENGINEERING, the Rudiments of. By Henry 
Law, C.E., and Gborcb R. Burnbll, C.E. New Edition, much enlarged 
and uioroughly revised hy D. Kinnbar Clark, C.E. . [Nearly ready. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, " By G. 

Drysdalb Dbmpsby, C.E. \New Edition in preparaiion. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdalb Dbmpsby, C.E. New Edition. Illustrated. 2s. 6d. 

31. WELL'DIGGING, Coring, AND PUMP'WORK, By John 

Gborgb Swindbll, A.R.I.B.A. New Edition, by G. R. Burmbll, C.E. is. 6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., KL.C.B. Illustrated, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
ttmctions on the Science o£ By Sir M. Stbphbnson, C.E. New Edition, 
br Edward Nugbnt, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 
3o*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments^ and also Practical Remarks on the 
Repair of old Sea Walls. By John Wiggins, F.G.S. .New Edition, is. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumpiner Machinery 
for raising Water. By Samuel Hughbs, F.G.S., C.E. New Edition. 4S.t 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. JBy Thomas Fbnwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the MagneticlNeedle, and other 
Modem Improvements. By Thomas Bakbr, C.E. Illustrated, as. 6d4 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stbvbnson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS (THE CONSTRUCTION OF), 
in two Parts: I. Thb Art of Constructing Common Roads, by Hbnrv 
Law, C.E., revised and condensed by D. Kinnbar Clark, C.E. : 11. Recbnt 
Practicb, including pavements of Stone, Wood, and Asphalte, by D. K. 
Clark, M.I.C.E. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — x. Some of the more Common Forms of 
Nuisance and their Kemedies ; 2. Drainage ; x. Water Supply. A useful 
book for Members of Local Boards and Rural Sanitary Autnonties, Health 
OfiScers, Engineers, Surveyors, &c. By Char lbs Slagg, A.I.C.E. as. 6d.t 

212. THE CONSTRUCTION OF GAS- WORKS, and the Manu- 

£9icture and Distribution of Coal Gas. Originally written by Samuel 
Hughbs, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. Cd.t IJust published. 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E., Author of " The Art of 
Buildinfr," &c. 4s. 6d.t [Just published. 



The X itidicafes that these vgis, may be had strongly bound at 6d. extra. 



LONDON : CROSBY LOCKWOOD AND CO., 



weale's rudimentary series. 



MECHANICAL ENGINEERING, ETC. 

33. CRANESy the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. *By 
Joseph Glynn, F.R.S., &c. Illustrated, zs. 6d. 

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr. 

Lardnbr. Illustrated, is. 6d. 

59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Beckett (late Edmund Bbcrbtt Dbnison), LL.D., Q.C. 

' A New, Revised, and considerably Enlarged Edition (the 6th), with very 

numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as appUed to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Josbph 

Glynn, F.R.S^ &c. New Edition, Illustrated. 2s.t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Bakbr, C.E. With Remarks on Tools and Machinexy, by 
J. Nasmyth, C.E. Plates. 2s. 6d4 

14. MACHINERY, Elementary Principles of, in its Construction and 
Working. Illustrated by numerous Examples of Modem Machinery for 
different Branches of Manufacture. By C. D. Abel, C.E. is. 6d. 

39. THE STEAM ENGINE, a Treatise on the Mathematical Theory 
of, with Rules at length, and Examples for the Use of Practical Men. By 
T. Baker, C.E. Illustrated, is. 6d. 

62. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filins^, Burnishing, 
Bronzing, &c. With copious Receipts, numerous Tables, and Notes on Prime 
Costs and Estimates. By Walter Graham. Illustrated. 2S.% 

64. MODERN WORKSHOP PRACTICE, as appUed to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, 8cc., 8cc. ByJ.G. Winton. Illustrated. 3S.t 

65. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2S. 6d.X 

66. POWER IN MOTION: Horee-Power, Tootiied-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By Jambs Ai^our, 
C.E. With 73 Diagrams. 2s. 6d.^ 

67. THE APPLICATION OF IRON TO THE CONSTRUCTION 

OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. By 
Francis Campin, C.E. Second Edition, revised and corrected. 2s. 6d.t 
71. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engineer, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich. Third Edition. Illustratea 
with 7 Plates and nearly 350 Woodcuts. 3s. 6d4 

90. STEAM AND THE STEAM ENGINE, Stationary and 
Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 
By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.^^ 

200. FUEL, its Combustion and Economy; being an Abridgment of 
"A Treatise on the Combustion of Coal and the Prevention of Smoke," by 
C. W. Williams, A.I.C.E. With extensive additions on Recent Practice in 
the Combustion and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, 
8cc.— by D.K. Clark, M.I.C.E. 2nd Edition. 3s.6d4 [Just published, 

202. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 
Comprising an Historical Sketch and Description of the Locomotive Engine, 
by G. D. Dbmpsby, C.E. ; with large additions treating of the Modem Loco- 
motive, by D. Kinnear Clark, M J.C.E. 33.* [Jusi published, 

211. THE BOILERMAKER'S ASSISTANT in Drawmg, Tern- 
plating, and Calculating Boiler Work and Tank Work, with Rules for the 
Evaporated Power and ttie Horse Power of Steam Boilers, and the Propor- 
tions of Safety- Valves ; and useful Tables of Rivet Joints, of Circles, 
Weights of Metals, 8cc. By John Coortnby, Practical Boiler Maker. 
Edited by D. K. Clark, C.E. 100 Illustrations. 2s. [Just published. 
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SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE^ the Rndiments of; or an Exposi- 
tion of the Elementaiy Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Coospiled for uie Use c^ Banners. £7 
Jambs Pbakb, School of Naval Architecture, H.M. Dockyard, Portsmouth, 
ronrth Edition, corrected, with Plates and Diagrams. 3s. 6d4 
53». SHIPS FOR OCEAN AND RIVER SERVICE, Elementaiy 
and Practical Principles of the Construction of. By Hakon A. Sommbr- 
FBLDT, Surveyor of the Royal Norwegian Navy. With an Appendix. is.6d. 

53«», AN ATLAS OF ENGRAVINGS to lUustrate the above. Twelve 

large folding plates. Royal 4to, cloth. 7s. 6d. 

54, MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentarr Treatise on. Also Tables of Spars, Rigging, BlocksjChain, 
Wire, and Hemp Ropes, ftc, relative to every class of vessels. With an 
' Appendix of Dimensions of Masts and Yards of^the Royal Navy. By Robbrt 
KiPPiNO, N.A. Fourteenth Edition. Illustrated. 2s4 
54*, IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Ownen and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
S4*». AN ATLAS OF FORTY PLATES to lUustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules,^' " BoUerophon ; " H.M. Troop Ship "Scrapis," 
Iron Floating Dock, &c., &c. Atq. boards. 38s. 

55. THE SAILOR* S SEA BOOK: a Rudimentary Treatise on 

Navif;atioD. Part I. How to Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By Jaubs Grxbnwood. fi Jl. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals: the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
Storms ; and a Brief Dictionary of S^ Terms. With numerous Woodcuts 
and Coloured Plates of Flags. "New. thoroughly revised and much enlarged 
edition. By W. H. Rossbr. ss. 6d.| [Just fublisked, 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Tog[ether with Practical Remarks on the Screw and Propelling Power,, 
as used in the Royal and Merchant Navy. By Robbrt Murray, €.£., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French. German, and Spanish. Seventh 
Edition, revised and enlarged. lUustratecL 3s4 

Z^his. THE FORMS OF SHIPS AND BOATS: Hints, Experimqpt. 

ally Derived, on some of the Principles regulating Ship-building. By W. 

Blakd. Seventh Edition, revised, with numerous Illustrations and M<Mels.is.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, m Theory 

and Practice. With Attenapts to facilitate the Finding of the Time and the 

Longitude at Sea. By J. K. Young, formerly Professor of Mathematics in 

Belmst College. Illustrated. 2s. 6d. 

100*. TABLES intended to facilitate the Operations of Navigation and 

Nautical Astronomy, as an Accompaniment to the above Book. By J. K. 

Young, is. 6d. 

106. SHIPS* ANCHORS, a Treatise on. By G. Cotskll, N.A. is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 

With Draughting, and the Centre of Effort of the Sails. Also, Weights 

and Sixes of Rop^ ; Masting, Rigging, and Sails of Steam Vessels, &c., frc. 

Eleventh Edition, enlaiged, with an Appendix. By Robbrt Kipping, N.A., 

Sailmaker, Quayside, I^ewcastle. Illnstrated. 2s.-6d.t 

155. THE ENGINEER* S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Enginbbr. Revised by D. 

F. McCarthy, late of the Ordnance Survey Office, Southampton. 3s. 

S5 PRACTICAL NAVIGATION. Consisting of The Sailor's 

£ Sea-Book. By Jambs Grbenwood and W. H. Rossbr. Together with 

SOd. ^^ requisite Mathematical and Nautical Tables for the Working of the 

^ Problems. By Hbnry Law, C.E., and J. R. Young, formeriy Professor of 

Mathematics in Belfast College. Illustrated with numerous Wood Engrav- 

ings and Coloured Plates. 7s. Strongly half-bound in leather. 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY, for the Use of Beginners. By Professor George 

FowNBS, F.R.S. With an Appendix on the Application of Chemistxy to 
Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tqmlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 
4. MIlvERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.t ' 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the Greneral Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomunson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Prmciples of Electrical 

Science, and the purposes to which it has been appliea. By Sir W. Snow 
Harris, F.R.S., Stc With Additions bjr R. Sabinb, CE., F.S.A. is. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robbrt Sabine, C.E., F.S A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of 'the General Prin- 

ciples of Msbnietical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c.,&c. With 165 Woodcuts. 3s. 6d4 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

^th Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners, By Charles 

ToMLiNSON. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSC A; a Treatise on Recent and 
Fossil Shells. By Dr. S'. P. Woodward, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts. 
6s. 6d. Cloth boards, 7s. 6d. 

1<^'^^, PHOTOGRAPHY, Popular Treatise on; wiUi a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaitb, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 
New Edition, with an Appendix on ** Spectrum Analysis." Woodcuts, is. 6d. 

^T, STATICS AND DYNAMICS, the Principles and Practice of; 
embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Bakbr, C.E. is. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide te Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, 6UESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL 'raLEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs. 3S.t 

143. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towu^ the Light. III. History of the Modem Theory of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tatb, A.L.S., 8tc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's "Rudiments." By Ralph Tate, A.L.S., 8cc. Woodcuts, as. 6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

Sc Historical. Partly based on Major-General Portlock's ** Rudiments of 
J - - Geology." By Ralph Tatb, A.L.S., F.G.S., &c., &c. . Numerous lUustra- 

'T* tions. In One Volume. 4s. 6d4 
183. ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

Sc formerly Professor of Natural Philosophy and Astronomy in University 
jg- College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards 

^^ *»* So/d also in Two Paris ^ €U follows : — 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I— VII. 4J. 

184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII— XvIII. 3s. 

TAe t indicates thai these vols, may he had strongly bound at 6d, extra. 
7, stationers' hall court, LUDGATE HILL, E.G. 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manu&cturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lambork. Woodcuts. 2s. 6d4 

135. ELECTRO^METALLURGY; PracticaUy Treated. By AUEX- 

Andbr Watt, F.R.S.S.A. Seventh Edition, revised, with important addi- 
tions, including the . Electro- Deposition of Nickel, &c., he. Woodcuts. 
3s4 ijusi published. 

172. MINING TOOLS^ Manual of. For the Use of Mine Managers, 
Agents, Students, Ice. Comprising Observations on the Materials from, and 
Processes by, which they^ are manufactured ; their Special Uses, Aiiplica- 
tioBS, Qualities, and Efficiency. By Wiluam Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d.^ 
I72». MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 135 Illustrations of Mining Tools, drawn to Scale. *4to. 4s. 6d. ; 
cloth boards, 6s. 

176. METALLURGY OF IRON, a Treatise on the. Containmg 
History of Iron Manufacture, Methods of Assay, and Analyses of Iron Ores, 
Processes of Manufacture of Iron and Steel, &c. By H. Baubrman, F.G.S. 
Fourth Edition, enlarged, with numerous Illustrations. 4s. 6d4 

180. COAL AND COAL MINING, A Rudimentaiy Treatise on. 

By Warington W. Smyth. M.A., F.R.S., &c.. Chief inspector of the 
Mines of the Crown and of the Duchy of Cornwall. Fifth Edition, revised 
and enlarged. With numerous Illustrations. 3s. 6d.t [Jusi published, 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintbrn, Mining and Civil Engineer. With 
four Plates of Diagrams, Plans, 8cc. 3s. 6d.t 

214. A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., Mining 
Engineer, &c. With numerous Illustrations and Folding Plates. 3s.t 

„ ijwt publisJted. 

FINEI ARTS 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students 'and Amateurs in Architecture, Painting, &c. By George Pyne, 

40 GLASS STAINING; or, The Art of Painting on Glass. From 
Sc the German of Dr. Gessert. With an Appendix on The Art of Enahel- 
j^l L]NG, &c. ; together with The Art of Painting on Glass. From the 
^ * German of Emanuel Otto Fromberg. In One Volume. 2s. 6d. 
69. MUSIC, A RudunenUiy and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. Witii numerous Exer- 
cises and Lessons. Written and Selected from the Best Masters, by Charles 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil. Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature. 
Painting on Ivory, Vellum. Pottery, Enamel, Glass, 8cc. With Historiad 
Sketches of the Progress ot the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged, with Frontispiece 
and Vignette. $%.% 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson, Author of " Drawing for Carpenters," &c. With two new 
Coloure d Diagrams and numerous Engravings on Wood. 3S.t 

7 he t indicates that these vo ls.'may be had strongly bound at 6d. extra, 
LONDON : CROSBY LOCKWOOD AND CO., 
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AGRICULTURE, GARDENING, ETC. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By 
G. Drysdalb Dbmpsby. C.E. [New Edition in preparation, 

66. CLAY LANDS AND LOAMY SOILS. By Professor 

Donaldson, is. 
131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER, for ascertaining at sight the value of any quantity of Com, 
from One Bushel to One Hundred Quarters, at any given price, n-om i^i to 
^perQr. With approximate values of Millstones, Millwork, &c. it. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) Bv R. Scott Burn. "Woodcuts. 2s. 

141. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical, on. (Vol. 2. Outunbs of Modern Farming.) By R. Scott 
Burn. Woodcuts. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 28. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2St 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. $. Outunes of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
\* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outunbs of 
Modern Farming." By Robert Scott Burn. Price zss. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Geo. Glbnny. 187 Woodcuts. 3s. 6d.* 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fourth Edition, 
considerably enlarged; with numerous fine engravings, including some 
specimens of New and Improved Breeds. 366 pp. 3s. 6d4 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with cultural directions for the management of them 
all the year round. By George M. F. Glbnny, Editor of " Glenny's Illus- 
trated Garden Almanack," and Author of " Floriculture," &c. is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

zation of Farm Labour: Treating of the General Work of the Farm : Field 
and Live Stock ; Details of Contract Work ; Specialities of Labour; Econo- 
mical Management of the Farmhouse and Cottage, and their Dom6.<tic 
Animals. By Robert Scott Burn. Numerous Illustrations. 2s. 6d.t 

IJusi published. 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands on the Estate ; Peculiarities of its Farms ; 
Methods of Farming ; the Setting-out of Farms and their Fields ; the Con- 
struction of Roads, Fences, Gates, and the various Farm Buildings ; the 
several Classes of Waste or Unproductive Lands ; Irrigation ; Drainage, 
Plantation, 8cc. By R. Scott Burn. With numerous Illustrations. 2s.6d.i 

\Just Published. 
%* Nos, 207 6« 208 in One Vol., handsomely half- bound, entitled " Outlines of 
Landed Estates and Farm Management.'*^ By R. Scott Burn. Price 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATOR : 

Being a Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot-Herbs, &c. ; with numerous Illus- 
trations of Grafting, Layering, Budding, Cuttings, &c.. Useful Implements, 
Houses, Pits, &c. By Samuel Wood, Autiior of *' Good Gardening." 2s.t 

ISfust Published. 

210. THE TREE PRUNER : Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renovation, with 
the Best Method of bringing Old and Worn-out Trees into a State of 
Bearing ; also treating of the Pruning of Shrubs, Climbers and Flowering 
Plants. With numerous Illustrations. By Samuel Wood. Author of " Good 
Gardening," 8cc. 2s.t (^ust published, 

%• Nos, 209 Of 210 in One Vol., handsomely half-bound, entitled "Tkz Tree 
Planter, Propagator and Pruner. By Samuel Wood. Price $s. 

The X indicates that these vols, may be had strongly bound at 6d. extra, 
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ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjnstine:, a-nd Using them 

are concisely Explained. By T. F. Hbathbr, M.A.. of the Royal Militaxy 

Academy, Woolwich. Original Edition, in x vol., Illustrated, is. 6d. 

•0* In ordering the abeve^ he careful to say^ " Original Edition ** {No. 32), to distin' 

guisk it from the Enlarged Edition in 3 tfolt. (Not. x68-9>70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of .Schools and 
Private Students ; also ror Practical Land Surveyors and Engineers. By 
T. Bakbr. C.E. New Edition, revised by Edward Nugbnt, C.£. Illus- 
trated with Plates and Diagrams, as.t 

f)\*. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleiefa, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. tO;^z per acre,' and 
Tables for the Valuation of Land, from is. to £i,<ooo per acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted firom tiie French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometrv to various branches of the Arts. By 
J. F. Hbathbr, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 215 Woodcuts. 2s. . 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Dehneating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Hbathbr, M.A. [/» preparation* 

*0* The above three volumes will form a Complbtb Elbmbntary Coursb of j 

Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Ezasiplesfor Practice. For 
the Use of Schools and for Self- Instruction. 'By J. R. Toung, late Professor 
of Mathematics in Belfast College. New Edition, with Indexi is. 6d. 

84*. A Kby to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the use of 
Teachers and Unassisted Learners. By J. K.. Young, is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 
8^*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

^ which all Calculations may be greatly facilitated. ByW.HiPSLBY. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems m 
various parts of Algebra. 2s. 
86». A Kby and Companion to the above Book, forming an extensive rraository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, is. 6d. 
88. EUCLID, The Elements of : with many additional Propositions 

8q. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Hbnry Law, C.E. 2s. 6d4 

%• Sold also separately, viz, .•— 1 

88. Euclid, The First Three Books. By Hbnry Law, C.E. is."" 

89. Eucud, Books 4, 5, 6, 11, 12. By Hbnry Law, C.E. is. 6d. 

The X indicates that these vols, may be had strongly bound at 6d. extra, 
LONDON: CROSBY LOCKWOOD AND CO.| 



WEALE'S rudimentary series. II 



Arithmetic, Geometry, Mathematics, eXc^ continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King's College School. London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2S.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By jAMES 

Hann. Revised by Charles H. Dowling, C.E. is. 
•#• Or with " The Elements 0/ Plane Trigonometry" in One Volume, M. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by £. Nugent, C.E. Illustrated, is. 6d. 

loi*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S. [Reprinting. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMBRSHAM Cox, B.A. Illustrated, xs. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, zs. 

lOi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
Woolhouse, F.R.A.S., Sec. xs. 6d. 

105. MNEMONICAL LESSONS. — Geoisjbtky, Algebra, and 

.Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 
Pbnyngton Kirkman, M.A. xs. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schoob and Self- 

Instruction. By Jambs Haddon, MJl. Revised by Abraham Arman. 
xs. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — ^I. Instruments employed in Geometrical and Mechanical Drawings 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J* F. Heather^ M.A^ late of tne Royal 
Military Acadennr. Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, xs. 6a. 

169. OPTICAL INSTRUMENTS. Including (more espcciaUy) Tele- 

scopes, Microscopes, and Apparatus for producing copies otMaps and Flans' 
by Photography. By J. F. IIeatber, M.A. Illustrated, xs. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Includiujgf — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 
%* TJke above three volumes form an enlargement of the Author's original workf 
" Mathematical Instruments: their Construction^ Adjustment ^ Testing^andUse^ 
the Thirteenth Edition of which is on sale, price xs. 6d. {See No. 32 in the Series.) 

re^.-^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. 7> M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapiwty and accuracy. By Charles Hoarb, C.£. With a 
Slide Rule in tuck of cover. 3S.t 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, 8cc., &c. ; Unequal-sided, Square-sided, Octaranal- 
slded, Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors. 
Stonemasons, Architects, and others. By Richard Horton. Third 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

The X indicates that these vols, may be had strongly bound at 6d, extra. 
7, STATIONERS* HALL COURT, LUDGATE HILL, E.C. 
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Arithmetic, Geometry, Mathematics, etc., continued, 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES; with Tablet of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By FtfooR Tboxait, of the Soci6t£ Credit 
Mobilier, Paris. 4S4 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical (>perations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, and an Examination and 
Discussion of the best Schemes for a Decimal Coinage. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. R. Youac, 
formerly Professor of Mathematics in Belfast College, js..^ 

204. MATHEMATICAL T^^Z^^; for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.t \jMst pubUsked. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHM- 
OLOGy,the FINE ARTS, h^. ByToHNWsALS. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES, By David Gibbons. Third Edition, enlarged, js.t 

112. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. ss4 

112*. MANAGEMENT OF HEALTH A Manual of Home and 

Personal Hygiene. By the Rev. Jambs Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY, With 

an Explanation of the Mode of Transacting Business on the Stock Exchange. 
By Francis Playford, Sworn Broker, is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING, With Notes by S. H. Emioins. ss. 

154. GENERAL HINTS TO EMIGRANTS, Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., 8cc. With Directions and Recipes useful to the 
Emigrant. With a Map of the World, as. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
Jambs Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. as. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forthc 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts, js.^ 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, baiiy 

Management, the Table and Dessert, Cellarage of Wines, Home-brewing 

(and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 

Economy, Gardening Operations, &c. By An Old Housbkbbpbr. 3s. 6d.t 

194. HOUSE BOOK {TIte), Comprising :— I. The House Manager. 

112. Bv an Old Housbkbbpbr. II. Domestic Mbdicinb. By Ralph Gooddtg, 
o^ "h/L.T). III. Managbmbnt of Hbalth. By Jambs Baird. In One Vol., 
^ strongly half-bound. 6s. 
1 12*. 



The t indicates thai these vols, may be had strotigr/y bound at 6d. extra. 
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EDUCATION AL AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

(reference to the Origin and Progress of the English Constitution. Bjr 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of ; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliof 
College, Oxford, as. 6d. ; cloth boards, 3s. 6d. 

7. Ronae, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Declrne of the Empire. 
By Edward Lbvien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. Z3. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Third Edition, .zs. 6d. 

II*, Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch. Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tong^ues. By Hydb Clarkb, D.C.L. zs. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above xoo,ooo Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., <s.6d. 

48. Conaposition and Punctuation, familiarly Explained for 

those who have neglected the .Study of Grammar. By Justin Brbnan. 
17th Edition, is. 6d. 

49. Derivative Spelling-Book: Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, zs. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at tho 
Sorbonne. Translated from the French. 7th Edition, carefully corrected. 2S.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a BrietTreatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Webster. 2S. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introdvctory Primbr, id. 



s. d. 

Fourth Standard . ..12 
Fifth „ ...16 

Sixth „ ...16 

Lessons from thb Biblb. Part I. Old Testament, is. .... 
Lbssons from the Bible. Part II. New Testament, to which is added 
Thb Geography of thb Bible, for very young Children. By Rev. C. 
Thornton Forstbr. is. ad. %* Or the Two Parts in One Volume, as. 



J. d. 

First Standard . .06 
Sbcond „ . . o 10 

Third „ ..10 
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FRENGH- 

24. French Grammar. With Complete and Concise Rules on the 

Gulden of French Nouns. By G. L. Steauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large nmnber of 

New Terms used in Engineerinc^, Mining, 8cc. By Alfred Elwbs. is. 6d. . 

26. English French Dictionary. B^ Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One VoL, 3s. ; 

doth boards, 3s. 6d. *«* Or with the Gkammar, cloth boards, 4s. 6d. 

47. French and Enjelish Phrase Book ; containing Intro- 
ductory httaooMt with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Hose's Theoretical and Practical Grammar, by Dr. G. L. Stravss. is. 

40. Grerman Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. zs. 

41. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hauilton. Part I. English-Gcrman-French. is. 

42. German Triglot Dictionary. Part II. Grerman-French- 

English. IS. _ .^^ „ , _ 

43. German Triglot Dictionary. Part HI. French-Gcrman- 

English. IS. • , , » . ^ -.r i 

41-43. German Triglot Dictionary (as above), m One VoL, 3s. ; 

cloth boards, 4s. %• Or with the German Grammar, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. i- „ ^v 

28. Italian Triglot Dictionary, wherem the Genders of all tne 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol. I. Italian -English-French. 2S. 6d. « . ^ -.r 1 

30. Italian Triglot Dictionary. By A. Elwes. VoL 2. 

English-French-Italian. 2s. 6d. ^ . ^ -tr 1 - 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian-English. as. 6d. » ▼ >^ -tr 1 »» /:j 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. od. 

32. Cloth boards. . 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used m Mmmg, Engmeenng, 8ic., 
vSth Se Iroper^ccents and the Gender of every Noun. By Alfred Elwes. 
4S. ; clotfi boards, $&. V Or with the Grammar, cloth l^ank ^s. 

55. Portuguese Grammar, in a Simple and Practical Form. 
■ With a Course of Exercises. By Alfred Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred ^^^^J^^^^^^,-^„, 

HEBREW. 

46^. Hebrew Grammar. By Dr. Brksslau. is. 6d. 

44. Hebrew and English Dictionary, BibLcal and RabbimcJd , 

^^ conTainini the HebreS and Chaldee Roots of the Old Testoment Post- 
RabbinicS Writings. By Dr. Bresslau. 6s. • • Or with ttie Grammar, 7s. 

46. English and Hebrew Dictionary. By Dr. Brksslau. 3s. 
44,46. Hebrew Dictionary (as above), in Tw6 Vols., complete, witli 

46*. the Grammar, cloth boards, 12s. 
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LATIN. 

19. Latin Graxnxnar. Containing the Inflections and Elementaiy 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
MA., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 

22. Knglish- Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.; 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Grenealogical Vocabularies and Explanatory Notes, by H. YouNO. is. 

2. Cdesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young, as. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Greorgics by H. Young, is. 6d. 

5. Virgilii Maronis .ffineis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., formerly Scholar of Brasenose 
College, Oxford, is. 

5* "— Part I. Books i. — vi., is. 6d. 

.. S** -^— — Part 2. Books vii.— xii., 2s. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

RiGG SifiTH, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davibs, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
SMA., F.R.G.S. 2S. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

MA. Part i. Books i., ii., is. 6d. 
i6». — — — Part 2. Books iii.^iv., y., is. 6d. 
17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, MA., Trinity College, Cambridge, as. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleiu3, &c. Notes by W. B. Donnb, M.A. ss. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London. 2s. 
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GREEK. 
114. Gr66k Grammar, in accordance with the Principles and Phflo- 

logical Researches of the most eminent Scholars of our own day. By Hahs 
Clauds UxMiLTOfr. zs. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. ByHBNRT R. 
Hamilton. Vol. z. Greek-English, ss. ; Vol. 2. English-Gre^, 2s. Or Oe 
Two Vols, in Ono^ 4s. : cloth boards, 5s. 

14,15. Greek JLexicon (as above). Complete, with the Grammas, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies ana Explanatory Notes, byH. Youno. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. YoOmo. Part z. Books i. to iii., 
zs. Part 2. Books iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 
5-12. Homer, The Works of. According to the Text of Bakumlein. 

With Notes, Critical and Explanatory^ drawn from the best and latest 

Authorities, with Preliminary Obsenrations and Appendices, by T. H. L. 

Lbaky, M.A., D.C.L, 

The Iliad : Part z. Books i. to xi.. zs.6d. Part 3. Books xiii. to xviu., is. 6d. 

Part 2. Books vii. to xii., zs. 6d. Part 4. Books xix. to xxiv., zs. 6d. 

Thb OdYSSBY: Part z. Books i. to vi., zs. 6d Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii.,zs.6d. Part 4. Books xix. to xxiv., and 

H3rmns, 2S. 

13. Plato's Dialogues : The Apology of Socrates, the Crito, and 

the Phaedo. From the Text of C. F. Hermann. Edited with Notes. Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 

With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Partz. fiooks i., ii. (The Clio and Euteroe), 2S. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2S. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2s.'! 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John MitNER, B.A. "• ^ . _ 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrigo Smith, 
M.A., F.R.G.S. IS. 6d. « ^ « »vi > <• -r^ TfT-ii. 

26. Euripides: AJcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milnbr, B.A. is. 6d. 

30. -ffischylus : Prometheus Vmctus : The Prometheus Bound. From 

the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, ^ 
by the Rev. Jambs Davibs, M.A. is. Wl 

32. ^schylus: Septem Contra Thebes : The Seven against Thebes.yi 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. zs. r /- xr 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Weisb. With Notes, by C. S. T. Townshend, M.A. zs. 6d. 

41. Thucydides : History of the Peloponnesian War. Notes by H. 

42. sSnophon's'panegyri on Agesilaus. Notes and Intro- 

duction by Ll. F. W. Jbwitt. zs. 6d. , , rn,;i:r»«;/.c 

43. Demosthenes. The Oration on the Crovm and the PhUippics. 
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar <* 
Brasenose Collcfre, Oxford, is. 6d. ^ 
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